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EXECUTIVE  SUMMARY 


S 


Conceptual  remediation  designs  were  developed  for  priority  abandoned  coal  mining  sites 
that  are  contributing  contaminated  mine  drainage  to  the  Big  South  Fork  National  River  and 
Recreation  Area  (BSFNRRA).  Conceptual  remediation  designs  were  developed  for  13  .j? 

individual  discharges/sites  using  a  variety  of  passive  treatment  technologies  and  reclamation      y 
techniques.  Preliminary  cost  estimates  were  prepared  based  on  the  conceptual  remediation  6  ^~ 

designs  for  each  of  the  sites.  Anticipated  water  quality  from  the  proposed  remediation  designs         ^/'f 
vary  from  compliance  of  the  effluent  with  ambient  water  quality  criteria  (AWQC)  and  protection^    ^  \  l,  J)" 
of  sensitive  species  (EC20)  to  compliance  of  the  Big  South  Fork  River  with  ambient  water  &  a^ia      / 

quality  criteria  (AWQC)  and  protection  of  sensitive  species  (EC20).  h^       j  v' 
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Response  to  Comments  on  SSP&A  Phase  n  Report  on  CMD  Characterization, 
BSFNRRA 

March  10,  1998 

Steve  Bakaletz,  NPS  -  Oneida,  TN 
David  Hyman,  FETC  -  Pittsburgh,  PA 


SSP&A  has  reviewed  the  comments  received  March  3  on  the  Phase  II  Draft  Report.  We 
appreciate  the  careful  review  that  the  report  received  by  all  reviewers.  Scvcra]  of  the  comments 
referred  to  the  work  of  Gannett  Fleming  and  so  their  input  on  resolving  these  issues  was 
solicited.  SSP&A  will  move  forward  with  producing  the  final  report  immediately,  according  to 
the  following  plan.  The  plan  that  we  are  proposing  will  not  be  to  everyones'  liking,  but  a  few 
concessions  will  be  needed  on  both  of  our  parts.  Our  goals  are  to  produce  two  highly  useable 
final  reports  from  SSP&A  and  Gannett  Fleming,  to  maintain  a  high  technical  standards  in  their 
production,  while  trying  to  minimize  a  serious  and  glowing  budget  shortfall. 

1.  Seaming  of  the  Phase  I,  II,  and  U  Reports:    SSP&A  will  incorporate  a  written  overview  of 
the  Phase  I  results  into  the  Phase  II  report.  This  will  include  an  inventory  of  the  Phase  I  sites, 
and  a  map  showing  the  locations  of  sites  and  their  Type-designation,  as  an  Appendix.  We  ask 
that  the  NPS  not  expect  the  Phase  II  and  Phase  HI  reports  to  be  seamed  together  under  one  report, 
for  reasons  of  the  amount  of  time  that  would  be  required  to  re-edit  and  re-write  the  reports  into  a 
single  report  format.  Our  budgets  cannot  support  this  work. 

2.  Further  Discussion  of  the  Toxicity:    SSP&A  will  append  the  section  on  Downstream  Toxicity 
Index  (DTI)  with  text  relating  the  results  to  numbers  of  exceedences  by  chemical  constituents. 
This  will  provide  a  more  relevant  discussion  for  management. 

3.  Algorithms:  The  algorithms  do  have  a  basis  of  application,  and  this  will  be  introduced  in  the 
text. 


7844   Wisconsin   Avenue.  BCTHESDA,   Maryland   20814-3620     .     Tel.  I301)   718-8900     Fax   (301»   718-8909 


Gannett  Fleming,  Inc. 


1.1.3  Mine  Seals 

Mine  seals  are  used  to  exclude  passage  of  air  to  the  deep  mine  preventing  oxygen  from 
contacting  acid-producing  minerals  where  CMD  can  be  produced.  They  are  also  used  to  prevent 
or  control  the  flow  of  water  at  deep  mine  openings.  Mine  seals  can  be  either  dry  or  wet  and  are 
used  for  sealing  slope  entries,  drift  entries,  shafts,  and  boreholes  that  are  opened  to  deep  mine 
workings.  They  are  often  constructed  as  a  safety  precaution  to  prevent  entrance  to  open  mine 
entrances  by  individuals  and  to  control  the  escape  of  methane  gas. 

Dry  Seals  -  Dry  seals  are  placed  in  openings  to  prevent  air  and  water  passage  into  the 
mine.  These  seals  are  suitable  for  openings  where  there  is  no  discharge  water  flow  that  can  result 
in  hydrostatic  pressure  and  failure  (blow-out)  of  the  mine  seal.  Dry  seals  are  often  constructed  on 
vertical  shafts  that  were  built  into  mine  workings  to  provide  ventilation  and  access. 

Wet  Seals  -  Wet  seals  are  designed  to  prevent  the  passage  of  air  into  the  mine  while 
allowing  normal  mine  discharge  to  flow  through  the  discharge  outlet.  The  discharge  outlets  in 
the  wet  seal  are  provided  with  air  traps  to  prevent  inflow  of  air.  Wet  seals  can  also  be  designed 
to  control  the  discharge  flow  from  a  mine  opening  and  are  often  used  in  combination  with 
treatment  systems. 

Hydraulic  Wet  Seal  -  A  variation  to  the  wet  seal  is  a  hydraulic  seal  which  prevents  air  and 
water  flow  in  either  direction.  The  intent  of  the  hydraulic  seal  is  to  flood  the  mine  workings 
saturating  the  acid-producing  materials  in  an  anoxic  environment,  thereby  reducing  the  formation 
of  CMD  and  preventing  it  from  discharging  from  the  mine  workings.  Failure  of  a  hydraulic  seal 
can  result  in  catastrophic  impacts  to  receiving  waters  and  could  potentially  be  a  safety  hazard. 
As  a  result,  this  seal  is  only  a  viable  alternative  where  hydraulic  pressures  are  nominal  (e.g.,  less 
than  50  feet). 

1.1.4  Subsurface  Injection 

Subsurface  injections  are  used  in  underground  mines,  spoil  materials  and  refuse  piles. 
Typical  uses  are  as  follows: 

Deep  Mine  Injection  -  Surface  subsidence  of  abandoned  underground  mines  is  typically 
stabilized  by  injection  of  cementacious  materials  at  the  mine  level  to  fill  mine  voids.  Injected 
materials  will  often  prevent  subsidence  and  has  recently  been  found  to  inhibit  CMD  production. 
Fly  ash  is  often  used  for  this  purpose  because  of  its  relatively  low  cost,  flowability,  natural 
pozalonic  properties  and  alkaline  characteristics.  Filling  of  the  mine  void  will  provide  support  to 
the  overburden,  act  as  hydraulic  barriers  to  flow  in  the  mine,  and  add  alkalinity  to  contact  water. 
In  certain  conditions,  injection  of  concrete  and  limestone  gravel  columns  is  employed  for  roof 
support  of  the  mine  from  the  surface  through  boreholes.  The  technique  is  currently  under 
investigation  for  its  potential  water  quality  benefits  because  of  the  reactivity  of  the  highly 
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alkaline  injection  material  with  water  in  the  deep  mine  complex,  thereby  inhibiting  CMD 
production  and/or  neutralizing  CMD  in  the  deep  mine  pool. 

Overburden  Grouting  -  Pressurized  grouting  of  rock  and  soil  overburden  can  be 
performed  to  consolidate  materials  and  fill  fractures.  Overburden  grouting  can  provide 
additional  stability  to  the  overburden,  but  is  primarily  used  to  limit  groundwater  flow  and  prevent 
infiltration.  Overburden  grouting  can  be  performed  using  various  cement  or  chemical  grouts, 
depending  on  applications  and  conditions. 

Toxic  Material  Encapsulation  -  Fly  ash  or  other  materials  can  also  be  injected  into  mine 
spoils  and  refuse  materials  to  encapsulate  pockets  containing  high  acid-producing  materials. 
This  will  reduce  acid  output  by  buffering  the  pyrite  oxidation  reactions  and  inhibiting  water  from 
contacting  the  acid-producing  minerals. 

1.1.5  Bacterial  Inhibitor  Application 

Bacterial  inhibitors  can  be  applied  to  mine  spoil  to  lower  acid  production  by  killing  the 
bacteria  (Thiobacillus  ferroxidans)  known  to  be  critical  in  the  catalytic  pyrite  oxidation  process. 
The  bacterial  inhibitors  include  bactericides,  detergents  and  organic  sludge.  This  technique  is 
most  frequently  used  in  situations  where  immediate  control  of  CMD  formation  is  important. 
This  BMP  is  temporary  and  without  frequent  application  the  CMD  formation  will  reoccur. . 

1.2  Chemical  Treatment  of  Mine  Drainage 

Chemical  treatment  of  mine  drainage  can  be  used  solely  or  in  conjunction  with  site 
reclamation  BMPs,  if  reclamation  is  inadequate  to  eliminate  the  production  of  mine  drainage. 
Conventional  chemical  treatment  systems  use  mechanical  feeders,  mixers  and  settling  basins  in 
various  combinations  to  provide  CMD  treatment.  Different  chemicals  are  used  for  treatment  in 
these  systems  depending  on  various  factors  such  as  water  chemistry,  effluent  requirements, 
handling  and  material  costs,  site  conditions  and  treatment  duration.  Systems  are  typically 
classified  based  on  the  chemical  used  for  treatment.  Four  chemicals  are  typically  used  in  treating 
CMD:  calcium  carbonate  (limestone),  calcium  hydroxide  (hydrated  lime),  sodium  carbonate 
(soda  ash  or  briquettes)  and  sodium  hydroxide  (caustic  soda).  Anhydrous  ammonia  is  also  being 
used  to  a  limited  extent  to  treat  CMD.  The  four  typical  treatment  chemicals  can  be  evaluated  by 
their  basic  components,  i.e.  calcium  vs.  sodium  and  carbonate  vs.  hydroxide. 

1.2.1  Calcium  vs.  Sodium 

Calcium  compounds  (e.g.,  CaC03  and  CaO)  are  typically  less  expensive  than  sodium 
compounds  (e.g.,  NaOH),  but  have  slower  reaction  rates.  They  are  also  easier  to  handle  and 
require  few  safety  precautions.  Subsequently,  they  are  usually  used  in  large  treatment  systems 
along  with  aeration  and  mixing  units.  Conversely,  sodium  compounds  are  very  reactive  and 
typically  used  in  short  term  applications  or  remote  locations. 
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sS  1.2.2  Carbonate  vs.  Hydroxide 

The  pH  of  the  water  during  treatment  has  a  significant  role  in  the  effectiveness  of  a 
particular  chemical  compound  for  CMD  treatment.  Carbonate  compounds  can  be  limited  in  their 
ability  to  raise  the  pH,  usually  less  than  9,  sufficiently  neutralize  acidity  and  precipitate  metals; 
some  metals,  e.g.,  manganese,  require  pH  greater  than  10  for  precipitation  to  occur  rapidly  and  to 
low  concentrations.  Hydroxides  can  easily  raise  the  pH  of  treated  water  to  10  or  higher 
permitting  precipitation  of  these  type  of  metals.  However,  over  application  of  these  compounds 
can  produce  an  unwanted  effect,  releasing  soluble  metal  hydroxides  and  caustic  water  that  is 
toxic  to  aquatic  life.  The  relationship  between  pH  and  the  occurrence  and  precipitation  of  most 
metals  in  CMD  affected  waters  will  often  dictate  the  choice  of  the  treatment  chemical. 

1.3  In  Stream  Alkaline  Addition 

In  stream  alkaline  addition  systems  are  relatively  new  treatment  techniques  in  which 
limestone  aggregates  are  mechanically  abraded  to  provide  slurry  dosing  directly  to  CMD  affected 
streams.  These  systems  are  usually  designed  to  provide  only  alkalinity  addition  to  neutralize 
acidity  in  affected  waters  and  typically  do  not  provide  for  metal  removal. 

1.3.1  Diversion  Well  Systems 

The  diversion  well  is  a  limestone  dosing  system  designed  to  add  alkalinity  through  a 
fluidized  bed  of  limestone.  Fluidization  occurs  through  a  cylindrical  well  filled  with  crushed 
limestone  aggregate  that  receives  water  through  an  influent  pipe  at  the  bottom  of  the  well.  The 
influent  water  has  sufficient  head  to  rise  upward  through  the  well,  fluidizing  the  aggregate  and 
forcing  abrasion  and  dissolution  of  the  limestone.  Water  from  the  well  is  then  discharged  over 
the  lip  of  the  well  and  back  to  the  source.  Head  is  provided  by  constructing  an  impoundment 
upstream  from  the  well  and  diverting  water  through  a  pipe  to  the  base  of  the  well. 

1.3.2  Rotary  Drum  Systems 

Rotary  drum  limestone  slurry  dosers  are  water  powered  cylindrical  containers  filled  with 
limestone  aggregate.  The  water  for  the  system  is  diverted  from  the  stream  and  rotates  the  drums 
where  the  limestone  is  ground  and  mixed  into  a  fine  slurry.  The  slurry  is  then  reintroduced  and 
mixed  with  the  stream  water.  The  system  can  be  adjusted  to  maintain  dosing  and  water  quality 
goals  during  various  levels  of  flow,  however,  design  and  operation  can  be  limited  by  minimum 
flow  requirements  (depending  on  the  amounts  of  limestone  and  number  of  drums  used).  The 
system  also  requires  construction  of  an  impoundment  on  the  watercourse. 

1.3.3  Limestone  Fine  Dosing 

Limestone  fine  dosing  is  a  relatively  new  and  inexpensive  treatment  method  that  arose 
from  the  drum  system  technology  (Zurbuch  et  al.  1997).  The  system  uses  sand  sized  limestone 
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particles  that  are  "dumped"  into  streams  at  strategic  points  in  affected  watersheds.  The  fines  are 
then  carried  through  the  stream  course  and  mixed  in  with  the  stream  substrate.  Since  trucks  are 
used  to  transport  the  limestone  to  the  application  sites,  this  treatment  type  requires  good  access 
and  roads  in  a  treatment  area.  Given  the  dynamic  and  unpredictable  nature  of  stream  flows,  it  is 
unclear  if  limestone  fines  can  provide  consistent,  long  term  neutralization  in  CMD  affected 
streams.  Limestone  fines  would  have  to  be  applied  at  least  once  per  year,  and  possibly  more 
frequently. 

1.4  Passive  (Wetland)  Treatment 

Passive  systems  for  the  treatment  of  CMD  represent  a  number  of  viable  treatment 
technologies  which  have  been  developed  within  the  last  fifteen  years.  Passive  systems  use  a 
variety  of  substrates,  plants,  and  hydraulic/hydrologic  designs  to  remediate  mine  drainage  via  a 
number  of  chemical  (e.g.,  precipitation,  oxidation,  and  hydrolysis)  and  biological  processes  (e.g., 
microbial  oxidation  and  reduction).  The  various  passive  treatment  designs  are  capable  of 
lowering  metal  concentrations  (e.g.,  aluminum,  iron,  manganese  and  trace  metals)  and/or  acidity 
from  the  mine  drainage.  Subsequently,  these  systems  can  provide  long  term,  low  maintenance 
treatment  and  stream  restoration. 

Four  passive  treatment  methods  are  typically  appropriate  for  consideration  with  mine 
drainage  discharges.  These  methods  are  the  aerobic  surface  flow  wetlands,  anaerobic  surface 
flow  wetlands,  vertical  flow  wetland  and  anoxic  limestone  drain.  A  brief  description  of  each 
system  is  provided  below.  Figure  1  provides  a  schematic  profile  and  Table  1  lists  the  design 
limitations  of  each  system. 

1.4.1  Aerobic  Surface  Flow  Wetlands 

Aerobic  surface  flow  wetlands  are  systems  normally  employed  to  oxidize,  hydrolyze  and 
precipitate  metals  (e.g.,  iron  and  manganese)  from  alkaline  mine  waters.  This  type  of  system  has 
also  been  successful  at  decreasing  metals  in  acidic  mine  drainage;  although  rates  of  removal 
require  substantially  larger  surface  areas.  Aerobic  wetlands  employed  by  Brodie  (1993)  contain 
open  water  and  emergent  vegetation  (e.g.,  cattails  and  rushes)  planted  in  inert  soils.  Recently 
constructed  systems  evaluated  by  Hedin  et  al.  (1994)  and  by  Dietz  (1993)  have  employed  inert 
stone  as  the  only  substrate  and  have  been  successful  at  removing  manganese  in  alkaline 
discharges  and  iron  from  acidic  mine  waters. 

1.4.2  Anaerobic  Surface  Flow  Wetlands 

Anaerobic  surface  flow  wetlands  are  systems  that  have  been  successful  at  removing 
metals  (i.e.,  aluminum  and  iron),  similar  to  aerobic  surface  flow  wetlands,  and  have  also  had 
limited  success  at  reducing  acidity  from  mine  waters  (Hedin  et  al.  1994;  and  Dietz  et  al.  1993b). 
Anaerobic  surface  flow  wetlands  contain  an  organic  substrate  (e.g.,  spent  mushroom  compost) 
planted  with  emergent  vegetation  and  variable  standing  water  from  one  inch  to  one  foot.  A 
number  of  processes  including  oxidation,  sulfide  precipitation,  hydrolysis,  and  absorption  have 
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been  suggested  as  being  important  in  metal  removal  within  this  type  of  system.  Microbial  sulfate 
reduction  has  been  identified  as  the  principal  process  producing  alkalinity. 

1.4.3  Vertical  Flow  Wetlands 

Vertical  flow  wetlands,  also  known  as  alkalinity  producing  systems,  are  a  relatively  recent 
development  in  passive  treatment  technology  to  remediate  acidic  mine  waters.  This  type  of 
wetland  has  achieved  substantial  acidity  removal  and  alkalinity  production  for  applications  in 
highly  acidic  (greater  than  200  mg/L  as  CaC03)mine  waters  (Dietz  and  Stidinger  1996;  and 
Kepler  and  McCleary  1994).  This  wetland  design  has  also  been  successful  in  removing  iron  and 
aluminum  from  highly  acidic  mine  waters.  Vertical  flow  wetlands  consist  of  an  organic  substrate 
layer  (e.g.,  spent  mushroom  compost)  placed  over  a  limestone  layer.  An  underdrain  piping 
system  placed  beneath  the  limestone  layer  collects  the  water  that  has  passed  through  the  substrate 
layers.  The  systems  can  be  provided  with  a  bypass  system  which  allows  medium  to  large  flows 
to  bypass  the  underdrain  system  and  mix  with  treated  waters  later  in  the  system.  Vertical  flow 
wetlands  may  or  may  not  be  planted  with  emergent  vegetation  and  contain  standing  water  from 
less  than  one,  to  greater  than  three  feet.  Processes  previously  mentioned  for  anaerobic  surface 
flow  wetlands,  as  well  as  limestone  dissolution,  have  been  identified  as  important  mechanisms  of 
mine  water  remediation  in  vertical  flow  wetlands.  A  typical  section  of  a  vertical  flow  wetland 
embankment  and  bypass  system  is  provided  as  Figure  2. 

1.4.4  Anoxic  Limestone  Drains 

Anoxic  limestone  drains  (ALDs)  have  been  used  almost  exclusively  in  remediating  CMD. 
ALDs  studied  by  Hedin  et  al.  (1994)  and  Brodie  et  al.  (1991)  have  produced  substantial 
alkalinity  which  is  important  in  neutralizing  acidity  and  in  the  hydrolysis  and  precipitation  of  iron 
and  aluminum,  although  ferric  iron  (greater  than  2  mg/L)  and  aluminum  (greater  than  5  mg/L) 
have  been  found  to  be  detrimental  to  the  long  term  performance  of  ALDs.  The  systems  consist 
of  trenches  or  basins  filled  with  limestone  that  are  sealed  and  buried  to  prevent  oxygenation  of 
the  mine  drainage  that  can  cause  armoring  of  the  limestone  and/or  clogging  of  the  ALD.  Mine 
drainage  passes  through  the  trench  or  basin  where  calcium  carbonate  is  solubilized  from  the 
limestone  producing  the  alkalinity  responsible  for  neutralization  of  mine  water  acidity  and 
precipitation  of  iron  and  aluminum.  ALDs  are  typically  used  in  combination  with  aerobic  and 
anaerobic  surface  flow  wetlands  which  hydrolyze  and  precipitate  iron  from  the  CMD. 

1.4.5  Oxic  Limestone  Channels 

Oxic  limestone  channels  (OLCs)  are  a  relatively  recent  development  in  passive  treatment 
technology  that  has  been  found  to  improve  pH  and  remove  iron  and  aluminum  from  CMD 
discharges  (Ziemkiewicz  et  al.  1996).  The  technology  uses  an  a  conventional  channel  design 
containing  high  quality  limestone  rip  rap  through  which  the  CMD  is  directed.  .  Ziemkiewicz  et 
al.  evaluated  a  number  of  constructed  channels  and  found  the  OLCs  to  neutralize  acidity  and 
precipitate  iron  and  aluminum  in  the  CMD  which  the  investigators  attributed  to  limestone 
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solubilization,  even  in  the  presence  of  armoring.  However,  none  of  the  OLCs  studied  completely 
removed  acidity  nor  provided  an  effluent  with  low  metal  concentrations.  Therefore,  this 
technology  should  be  considered  for  sites  that  are  not  suitable  for  any  other  passive  treatment 
option. 

1.5  Implications  of  Toxic  Metals  on  Selection  of  Remediation  BMP 

CMD  most  commonly  contains  high  concentrations,  in  excess  of  1  mg/L,  of  three  metals 
which  are  aluminum,  iron  and  manganese.  CMD  will  also  contain  various  levels  of  other  trace 
metals  that  are  contained  in  minerals  associated  with  coal,  spoil  materials,  and  contact  rock 
strata.  The  trace  metals  can  be  released  by  a  number  of  process  including  oxidation  of  sulfide 
minerals,  solubilization  by  the  low  pH  associated  with  CMD,  and  cation  exchange  processes  for 
soluble  iron  in  the  CMD.  A  number  of  trace  metals  including  arsenic,  chromium,  copper,  lead 
and  zinc  were  detected  in  samples  collected  from  CMD  discharges  in  the  BSFNRRA. 

Ambient  water  quality  criteria  (AWQC)  to  protect  aquatic  life  have  been  established  by 
the  U.S.  Environmental  Protection  Agency  (U.S.  EPA)  for  trace  metals  (U.S.  EPA  1986), 
summarized  in  Table  2  for  the  10th  percentile  of  the  average  hardness  reported  for  the  Big  South 
Fork  River.  Use  of  this  infrequent  hardness  should  result  in  AWQC  concentrations  that  are  very 
protective  of  aquatic  life  in  the  Big  South  Fork  River,  particularly  since  hardness  is  typically  flow 
dependent,  with  low  hardness  concentrations  occurring  during  higher  flows  that  have  greater 
dilution  for  CMD  inputs.  Table  2  also  contains  the  lowest  observed  chronic  toxicity  values  for 
daphnids  (a  known  sensitive  species),  as  reported  in  the  individual  water  quality  criteria 
documents,  and  concentrations  for  near  complete  protection  of  sensitive  aquatic  species  (EC20). 
The  lowest  observed  chronic  daphnid  values  for  the  toxic  metals  closely  approximate  the  low 
hardness  AWQC,  except  for  lead,  which  is  about  an  order  of  magnitude  greater  because  the 
AWQC  incorporates  a  bioaccumulation  factor.  The  reported  EC20  concentrations  are  less  than  the 
AWQC  for  all  toxic  metals  and  in  some  cases  are  an  order  of  magnitude  lower,  e.g.,  cadmium, 
chromium  (III)  and  copper.  The  EC20  values  are  estimated  from  a  number  of  biological 
indicators,  such  as  breathing  rates  (i.e.,  gill  movements)  and  histopathological  changes,  that  may 
only  be  indirectly  related  to  survival,  growth  and/or  reproduction  effects  on  individuals  or 
populations.  The  EC20  values  may  be  restrictive  for  the  BSFNRRA  without  sound  basis. 

Table  2  also  contains  the  lowest  reported  detection  limits  from  the  Phase  I  and  II  studies 
in  the  BSFNRRA.  The  detection  limit  for  cadmium  is  greater  than  all  three  benchmark 
concentrations,  the  detection  limits  for  copper  is  greater  than  the  EC20  benchmark,  and  the 
detection  limit  for  lead  is  greater  than  the  AWQC  and  EC20  benchmarks.  This  could  be  a 
complicating  factor  for  the  treatment  technology  selection  process  and  for  evaluating  potential 
effluent  quality  of  the  conceptual  designs  with  the  benchmarks,  particularly  where  concentrations 
for  a  CMD  station  are  below  the  detection  limits  for  the  above  parameters.  In  such  cases,  CMD 
concentrations  for  the  above  parameters  will  be  evaluated  based  on  other  detected  trace  metals, 
e.g.,  zinc  and  copper;  copper  and  zinc  are  the  two  toxic  trace  metals  most  frequently  encountered 
in  CMD  in  the  BSFNRRA.  Effluent  quality  for  the  above  parameters  will  be  evaluated  using 
estimated  removal  for  a  surrogate  parameter;  zinc  will  be  used  because  it  is  typically  found  at 
concentrations  well  above  detection  limits  when  other  trace  metals  are  not  detected.  This 
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approach  was  developed  based  on  a  study  by  Unz  and  Royer  (1997)  that  found  influent  zinc 
concentrations  and  percent  removal  in  CMD  wetland  treatment  systems  to  strongly  correlate  with 
other  trace  metals  including  copper. 

The  National  Park  Service  has  established  a  number  of  goals  for  the  remediation  projects 
developed  to  address  the  CMD  discharges  based  on  removal  of  elevated  toxic  metals  (e.g., 
copper  and  zinc)  which  are  present  in  a  number  of  the  CMD  discharges  located  in  the 
BSFNRRA.  The  remediation  performance  goals  are,  in  order  of  priority: 

.  1 .  Compliance  with  the  EC20  benchmark  at  the  effluent  from  the  remediation  project; 


2.  \        Compliance  with  the  EC20  benchmark  within  the  Big  South  Fork  River; 

3.  Compliance  with  AWQC  at  the  effluent  from  the  remediation  project;  and 

4.  Compliance  with  AWQC  within  the  Big  South  Fork  River. 
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The  control  BMPs  applied  at  the  source  (discussed  above  in  Section  A)  can  have 
beneficial  effects  on  CMD  discharge  flow  and/or  decreases  in  the  CMD  strength  (Robertson  and 
Barton-Bridges  1990);  however,  there  are  no  studies  available  that  evaluate  the  long  term  effect 
of  control  at  source  BMPs  on  trace  metal  concentrations.  The  incremental  decreases  in  CMD 
flow  though  water  control  would  likely  have  corresponding  decreases  in  toxic  metal  loading  to 
the  Big  South  Fork  River  unless  the  CMD  strength  increased  proportional  to  the  decrease  in 
flow;  a  possibility  given  the  longer  retention  time  within  the  spoil.  A  decrease  in  CMD  strength 
(i.e.,  pH  and  acidity)  from  site  remediation  should  result  in  a  corresponding  decrease  in 
concentrations  of  toxic  metals  because  low  pH  and  high  iron  and  aluminum  are  the  likely  causes 
of  trace  metal  solubilization  from  contact  minerals.  Using  information  contained  in  Robertson 
and  Barton-Bridges  (1990)  and  other  sources,  compliance  with  the  above  criteria  will  be 
qualitatively  assessed  to  evaluate  beneficial  effects  of  this  type  of  BMP  on  toxic  metal  loading 
decreases  and  water  quality  improvements. 

Trace  metal  removal  has  been  documented  for  active  chemical  treatment  systems  where 
the  pH  is  increased  with  chemical  agents  such  as  sodium  hydroxide  (Watzlaf  1988;  and  Going 
1980).  The  majority  of  trace  metals  (copper,  zinc  and  chromium)  will  co-precipitate  with  iron 
oxides  as  the  pH  approaches  neutrality  which  can  be  achieved  using  a  number  of  chemicals,  e.g., 
hydrated  lime  (CaO  «H20).  Some  trace  metals  (e.g.,  manganese  and  nickel)  were  found  to 
require  pH  above  8  for  complete  precipitation  which  would  require  more  caustic  chemical 
agents,  e.g.,  sodium  hydroxide  (NaOH),  to  achieve  this  elevated  pH.  However,  the  stability  of 
the  trace  metals  in  the  sludge  is  of  concern  since  Watzlaf  (1988)  indicates  the  trace  metals  are  re- 
solubilized  if  the  pH  decreases  to  less  than  6.5.  The  Watzlaf  (1988)  study  found  that  chemical 
treatment  achieved  greater  than  90  percent  removal  for  most  trace  metals  which  will  be  used  to 
evaluate  effluent  quality  where  this  technology  is  selected  to  remediate  a  CMD  discharge. 

Trace  metal  removal  in  wetland  treatment  systems  has  been  documented  by  a  number  of 
investigators.  Eger  and  Lapakko  (1989)  found  natural  wetlands  to  reduce  concentrations  of 
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nickel  by  80  percent  and  copper  to  less  than  analytical  detection  limits  in  mine  drainage  from 
tailings  and  stockpiles  associated  with  a  mineral  mining  operation.  In  a  subsequent  project,  Eger 
et  al.  (1994)  found  a  constructed  wetland  treatment  system  to  successfully  lower  nickel,  copper, 
cobalt  and  zinc  from  a  neutral  mine  drainage.  In  a  laboratory  study  using  wetland  sediments, 
Fyson  et  al.  ( 1 994)  reported  enhanced  arsenic  and  nickel  removal  in  sediments  amended  with 
organic  substrates  which  was  concluded  due  to  development  of  anaerobic  conditions. 

Two  recent  studies  by  Sikora  et  al.  (1996)  and  Rightnour  and  Hoover  (1997)  examined 
trace  metal  removal  employing  multi-unit  systems.  Sikora  et  al.  (1996)  found  pilot-scale 
anaerobic  wetland  units  containing  an  organic  compost  substrate  to  effectively  remove  copper, 
nickel,  lead  and  zinc  as  sulfides,  typically  greater  than  99  percent  reductions,  from  simulated 
CMD;  trace  metal  removal  was  substantially  lower  in  wetland  units  that  did  not  contain  the 
organic  substrate  and  only  anoxic  or  aerobic  conditions.  Sikora  et  al.  (1996)  reported  effluent 
concentrations  for  the  trace  metals  that  were  in  or  near  compliance  with  AWQC.  Rightnour  and 
Hoover  ( 1 997)  evaluated  trace  metal  removal  in  a  full-scale  system  containing  organic  substrate 
units  that  was  constructed  to  treat  leachate  from  a  fly-ash  disposal  site.  The  results  indicate  the 
system  effectively  lowered  a  number  of  trace  metals,  including  arsenic,  nickel  and  zinc  by  as 
much  as  93  percent  with  resulting  effluent  concentration  near  or  less  than  AWQC. 

The  importance  of  the  organic  substrate  and  reducing  environments  at  removing  divalent 
metals,  e.g.,  iron,  copper  and  zinc,  is  demonstrated  by  the  following  reaction  in  which  sulfide  and 
the  metal  form  an  insoluble  metal  sulfide: 

H2S  +  MJ+  "  Mela,S  +  2H+ 

The  effectiveness  of  sulfide  in  the  removal  of  trace  metals  to  very  low  concentrations  is 
supported  by  the  experimental  solubilities  for  metals  (Stumm  and  Morgan  1981): 

•  Iron:  log  K@2'5oC  = -18.1 

•  Zinc:  log  K@25oC  = -24.7 

•  Lead:    log  K@25=c  = -27.5 

•  Copper:    log  K@25oC  = -36.1 

were  the  more  negative  the  value,  i.e.,  log  K@25oC,  the  lower  the  solubility.  The  low  metal 
solubilities  indicate  anaerobic  environments  supporting  sulfate  reduction  can  be  effective  at 
lowering  trace  metal  concentrations  present  in  the  CMD  to  levels  in  compliance  with  the 
benchmark  criteria  established  for  the  BSFNRRA  remediation  projects.  However,  trace  metal 
removal  design  guidance  and  field-scale  performance  for  anaerobic  wetland  treatment  systems  is 
not  currently  available  in  the  literature.  Therefore,  design  of  the  systems  will  be  based  on  known 
design  guidance  (e.g.,  hydraulic  loading  and  iron  or  acidity  removal  rates),  and  effluent  trace 
metal  levels  will  only  be  qualitatively  evaluated  for  compliance  with  the  benchmark  criteria. 
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1.6  Remediation  Evaluation  for  Priority  Sites 

The  reconnaissance  and  monitoring  program  identified  a  number  of  priority  sites 
contributing  to  water  quality  degradation  of  the  Big  South  Fork  River.  A  global  positioning 
survey  (GPS)  study  was  conducted  at  each  of  the  priority  sites  to  determine  areas  where  the  point 
or  multi-point  source  discharges  could  be  treated  or  the  extent  of  mine  spoil  generating  the 
diffuse  mine  drainage.  Figure  3  shows  the  locations  of  the  priority  sites  in  the  BSFNRRA  and 
the  GPS  surveyed  areas.  The  remediation  evaluation  for  each  priority  site  included: 

•  Identification  and  selection  of  the  most  appropriate  remediation  approach; 

•  Development  of  a  conceptual  designs  for  the  identified  remediation  approach; 

•  Estimation  of  preliminary  construction  costs  for  the  identified  remediation 
approach;  and 

•  Evaluation  of  anticipated  effluent  water  quality  from  the  remediation  approach 
with  respect  to  the  benchmark  criteria. 

Each  site  is  individually  discussed  below  according  to  their  ranking  in  the  Phase  II  Report.  A 
certain  amount  of  redundancy  occurs  in  the  site  evaluations  which  was  necessary  to  have  each 
site  be  a  stand-alone  document.  This  approach  will  ease  the  extraction  of  individual  sites  from 
the  document  if  the  National  Park  Service  selects  only  one  or  several  sites  for  remediation. 
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2.0  ROARING  PAUNCH  CREEK 

The  Roaring  Paunch  Creek  site  contains  four  separate  CMD  discharges  that  contribute 
pollutants  indirectly  to  the  Big  South  Fork  River  through  Roaring  Paunch  Creek  (Figure  3). 
Three  of  the  discharges,  station  numbers  SSPII  RP02,  SSPII  RP03  and  SSPII  RP04,  are  point 
discharges  from  collapsed  mine  entrances  or  portals  that  are  located  on  private  land  in  the 
Barthell  Mine  area,  a  historic  mining  town  currently  under  restoration  (Figure  4).  The  fourth 
discharge,  station  number  SSPII  BTH03,  is  a  diffuse  discharge  that  emanates  from  the  cut  slope 
along  the  access  roadway  to  Blue  Heron  Recreation  Area  and  is  conveyed  via  a  storm  water 
culvert  to  Roaring  Paunch  Creek.  The  discharges  will  be  discussed  separately  below. 

Water  quality  data  at  the  mouth  of  the  Roaring  Paunch  Creek  from  the  Phase  I  and  II 
monitoring  program  was  summarized  in  the  Phase  II  Report.  The  monitoring  results  indicate  pH 
varied  from  6.5  to  7.4,  contains  alkalinity  in  excess  of  20  mg/L  as  CaC03,  and  no  detectable 
acidity.  Aluminum,  manganese  were  present  in  Roaring  Paunch  Creek  at  concentrations  less 
than  0. 1  mg/L,  and  iron  was  typically  less  than  1  mg/L.  Zinc  was  the  only  trace  metal  detected  in 
all  samples  but  at  concentrations  less  than  0.01  mg/L.  Copper  and  lead  were  detected  in  several 
samples  but  at  concentration  near  analytical  detection  limits. 

2.0.1  Barthell  Mines  Site  No.  1  (SSPII  RP02) 

The  Barthell  Mines  Site  No.  1 
(SSPII  RP02)  discharge,  is  the  largest 
mine  drainage  input,  25  to  50  gpm,  to  the 
Roaring  Paunch  Creek  in  the  vicinity  of 
the  BSFNRRA.  The  discharge  depicted 
on  Plate  1  emanates  from  a  collapsed 
mine  entry  located  just  north  of  the 
mining  town  along  the  railroad  (see 
Figure  4).  As  can  be  seen,  this  discharge 
is  located  in  close  proximity  to  a 
reconstructed  building  in  Barthell.  Water 
quality  data  from  the  discharge  sampling 
location  from  the  Phase  I  and  II 
monitoring  program  are  summarized  in 
Table  3.  The  monitoring  results  indicate 
pH  is  typically  less  than  3  with  acidities 
in  excess  of  400  mg/L  as  CaC03. 

Aluminum  and  iron  are  present  in  the  discharge  at  elevated  levels  in  excess  of  25  mg/L  and  60 
mg/L.  The  majority  of  the  iron  present  in  this  discharge  is  in  the  oxidized  ferric  iron,  comprising 
greater  than  90  percent  of  the  iron.  The  trace  metals  chromium,  copper  and  zinc  were  detected  in 
all  samples  and  at  concentrations  well  above  analytical  detection  limits. 


Plate  1.  Barthell  Mines  Site  No.  1  (SSPII  RP02) 
CMD  discharge  located  near  the  town  of  Barthell. 
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2.0.2  Barthell  Mines  Site  No.  2  (SSPII  RP03) 


The  Barthell  Mines  Site  No.  2  (SSPII 
RP03)  CMD  discharge,  depicted  on  Plate  2,  is  a 
mine  drainage  input  to  Roaring  Paunch  Creek  with 
flows  less  than  1 0  gpm  (gallons  per  minute)  that 
emanates  from  a  collapsed  mine  entry  or  portal 
located  on  the  hill  slope  in  Barthell.  The  discharge 
is  in  close  proximity  to  a  number  of  reconstructed 
miner  huts  (see  Figure  4);  to  be  used  as  lodging 
cabins.  The  discharge  flows  down  slope,  to  the 
railroad  and  is  conveyed  in  a  culvert  under  the 
railroad  to  Roaring  Paunch  Creek.  Water  quality 
data  from  the  discharge  sampling  location  from  the 
Phase  I  and  II  monitoring  program  are  summarized 
in  Table  4.  The  monitoring  results  indicate  pH  of 
the  discharge  is  approximately  3  with  acidities  in 
range  of  200  to  300  mg/L  as  CaC03.  Aluminum 
and  iron  are  present  in  the  discharge  at  elevated 
levels  in  excess  of  15  mg/L  and  25  mg/L.  The 
majority  of  the  iron  present  in  this  discharge  is  in 
the  oxidized  ferric  iron,  comprising  greater  than  90 
percent  of  the  iron.  The  trace  metals  chromium, 
copper  and  zinc  were  also  detected  in  most  of  the 
samples  collected,  but  at  concentrations  much  lower 
than  observed  at  SSPII  RP02. 


Plate  2.  Barthell  Mines  Site  No.  2 
(SSPII  RP03)  CMD  discharge  located 
on  the  side  slope  in  the  town  of 
Barthell. 


2.0.3  Barthell  Mines  Site  No.  3  (SSPII  RP04) 

The  Barthell  Mines  Site  No.  3  (SSPII  RP04)  CMD  discharge,  is  a  mine  drainage  input  to 
Roaring  Paunch  Creek  with  flows  less  than  1 0  gpm  that  emanates  from  a  collapsed  mine  entry  or 
portal  located  on  the  hill  slope  in  an  area  just  south  of  Barthell  (see  Figure  4).  The  discharge 
flows  down  slope,  depicted  on  Plate  3,  to  a  flat  area  adjacent  to  the  railroad  that  may  have 
formerly  been  a  coal  stock  pile  area.  The  discharge  infiltrates  into  this  flat  area  with  no 
observable  discharge  point  to  Roaring  Paunch  Creek.  Water  quality  data  from  the  discharge 
sampling  location  from  the  Phase  I  and  II  monitoring  program  are  summarized  in  Table  5.  The 
monitoring  results  indicate  pH  is  approximately  2.9  with  acidities  in  range  of  300  to  350  mg/L  as 
CaC03,  very  similar  to  SSPII  RP03.  Aluminum  and  iron  are  present  in  the  discharge  also  at 
elevated  levels  in  excess  of  15  mg/L  and  40  mg/L.  The  majority  of  the  iron  present  in  this 
discharge  is  also  in  the  oxidized  ferric  iron,  comprising  greater  than  90  percent  of  the  iron.  The 
trace  metals  chromium,  copper  and  zinc  were  also  detected  in  most  of  the  samples  collected  and 
at  concentrations  similar  to  observed  at  SSPII  RP02. 
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2.0.4  Roaring  Paunch  Site  (SSPII  BTH03) 


The  Roaring  Paunch  Site  (SSPII 
BTH03)  CMD  discharge,  is  a  mine  drainage 
input  to  Roaring  Paunch  Creek  with  flows 
less  than  1 0  gpm  that  emanates  from  a  road 
cut  along  the  access  roadway  to  the  Blue 
Heron  Recreation  Area;  however,  no  source 
could  be  identified  for  the  discharge.  The 
discharge  is  conveyed  from  the  roadway 
and  down  slope  in  a  stormwater  culvert  to 
Roaring  Paunch  Creek  and  is  depicted  on 
Plate  4.  This  location  is  on  the  opposite 
stream  bank  of  the  previously  described 
Roaring  Paunch  Creek  mine  drainage 
discharges  (see  Figure  4).  No  water  quality 
data  was  obtained  from  this  discharge 
location,  but  the  discharge  has  a  flow  of  less 
than  5  gpm  and  the  appearance  of  an  acidic 
mine  drainage;  based  on  the  presence  of  red-brown 
iron  deposits  in  the  pipe  and  where  it  enters  a 
quiescent  backwater  pool  in  Roaring  Paunch  Creek. 

2.1  Remediation  Recommendations 

The  possible  remediation  methods  available 
for  resolving  the  water  quality  impacts  on  the  Big 
South  Fork  River  associated  with  the  Roaring  Paunch 
Creek  are  limited  to  treatment  BMPs  for  each  of  the 
identified  discharges  to  Roaring  Paunch  Creek.  The 
dilute  nature  and  high  flows  of  the  CMD  once  co- 
mingled  with  uncontaminated  Roaring  Paunch  Creek 
would  prohibit  treatment  and  removal  of  acidity  and 
metals.  Site  remediation  BMPs  would  likely  involve 
mine  seals  to  which  would  likely  have  limited 
success  in  reducing  CMD  flow  and/or  strength.  The 
similarity  of  the  water  quality  data  (i.e.,  high  acidity, 
aluminum,  ferric  iron  and  trace  metals)  indicate 
similar  treatment  BMPs  would  be  required  to  treat 
the  individual  discharges.  The  identified  BMPS  for 
the  Roaring  Paunch  discharges  include: 


Plate  3.  SSPII  RP04  CMD  discharge  located  on 
side  slope  near  the  town  of  Barthell. 


the 


Plate  4.  SSPII  BTH03  CMD  discharge 
located  on  the  side  slope  of  Roaring 
Paunch  Creek. 
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•  Active  treatment  systems  of  each  discharge  (e.g.,  chemical  dosers);  and 

•  Treatment  of  each  discharge  using  passive  wetland  treatment  systems  (e.g., 
vertical  flow  wetlands). 

Active  treatment  of  the  Roaring  Paunch  Creek  discharges  is  a  viable  alternative  if  a 
settling  basin  is  provided  in  the  active  treatment  design.  Active  treatment  with  settling  will 
remove  iron  and  aluminum  as  well  as  trace  metals  from  the  Roaring  Paunch  Creek  CMD 
discharges.  Operation  and  maintenance  limitations,  similar  to  discussed  for  instream  active 
treatment,  and  also  including  periodic  dredging  of  settling  pond,  may  be  of  concern.  However, 
locations  of  the  discharges  are  easily  accessed  (except  possibly  the  Roaring  Paunch  Site  -  SSPII 
BTH03)  which  would  not  prohibit  the  use  of  active  treatment. 

Passive  wetland  treatment  has  been  found  to  provide  successful  treatment  of  CMD  with 
characteristics  similar  to  that  of  the  degraded  water  quality  found  in  the  Roaring  Paunch  CMD 
discharges.  Treatment  of  the  CMD  discharge  can  be  accomplished  by  collecting  the  discrete 
points  and  conveying  them  to  a  common  location  or  treating  them  separately;  such  as  at  the 
identified  potential  treatment  areas  (see  Figure  4). 

Treatment  of  the  Roaring  Paunch  Creek  CMD  discharges  will  require  passive  treatment 
systems  capable  of  generating  alkalinity  and  removing  trace  metals.  Alkalinity  generating 
treatment  technologies  identified  in  Section  1 .4  include  ALD,  surface  flow  anaerobic  wetland 
and  anaerobic  vertical  flow  wetland  designs.  The  elevated  aluminum  (>  1 5  mg/L)  and  high  ferric 
iron  (>  25  mg/L)  measured  in  the  discharges  indicates  the  ALD  technology  would  be 
inappropriate.  The  anaerobic  surface  flow  wetland  design  would  be  capable  of  providing 
alkalinity  but  the  required  treatment  area  for  this  design  would  likely  exceed  available  area.  The 
remaining  technology,  anaerobic  vertical  flow  wetland,  is  capable  of  treating  the  acidity  levels 
found  in  the  Roaring  Paunch  Creek  discharges  and  providing  excess  alkalinity.  In  addition,  the 
anaerobic  conditions  provided  in  this  design  have  been  found  to  lower  trace  metal 
concentrations. 

Based  on  the  above  evaluation  the  anaerobic  vertical  flow  wetland  design  is 
recommended  as  the  technology  of  choice  to  treat  the  Roaring  Paunch  Creek  CMD  discharges. 
Site  conditions  should  be  adequate  for  construction  of  the  technology  at  the  Barthell  Mine  (SSPII 
RP02,  SSPII  RP03,  and  SSPII  RP04)  discharge  locations,  identified  areas  are  gently  sloping, 
open  and/or  forested,  and  above  the  stream  channel.  However,  the  steeply  sloping  topography  at 
the  Roaring  Paunch  site  (SSPII  BTH03)  would  likely  prohibit  construction  of  a  vertical  flow 
wetland  and  will  require  use  of  an  innovative  technology  that  may  be  less  effective  at  treating 
this  discharge.  For  this  discharge  a  new  technology,  known  as  oxic  limestone  channels  (OLC),  is 
recommended  because  ditch  construction  may  be  feasible  for  the  site  conditions.  OLCs  have 
been  found  to  remove  acidity  and  precipitate  aluminum  and  iron,  but  would  have  limited  success 
in  removing  trace  metals. 
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2.2  Conceptual  Design 

Conceptual  designs  were  developed  for  the  four  Roaring  Paunch  Creek  discharges  based 
on  available  water  quality,  discharge  rates  and  site  conditions.  The  conceptual  designs  for  the 
anaerobic  vertical  flow  wetlands  to  treat  the  Barthell  Mine  CMD  (SSPII  RP02,  SSPII  RP03  and 
SSPII  RP04)  discharges  and  the  OLC  to  treat  the  Roaring  Paunch  site  CMD  (SSPII  BTH03) 
discharge  are  discussed  below. 

Three  of  the  four  Roaring  Paunch  Creek  discharges  were  sampled  for  water  quality,  and 
flow  for  3  months.  The  CMD  discharge  flow  rates  averaged  approximately  10  gpm  for  the 
Barthell  Mines  Site  No.  1  (SSPII  RP02)  CMD  discharge,  25  gpm  for  the  Barthell  Mines  Site 
No.2  (SSPII  RP03),  and  15  gpm  for  the  Barthell  Mines  Site  No.  3  (SSPII  RP04).  The  CMD 
discharge  flow  rate  for  the  Roaring  Paunch  Site  (SSPII  BTH03)  is  assumed  to  be  10  gpm.  Water 
quality  for  the  Roaring  Paunch  Site  (SSPII  BTH03)  is  assumed  to  be  similar  to  the  average  of  the 
other  three  discharges  in  the  Roaring  Paunch  Creek.  Monitoring  will  be  necessary  to  characterize 
the  Roaring  Paunch  Site  (SSPII  BTH03)  discharge  and  flow  prior  to  final  design  to  insure  proper 
sizing  and  design  of  the  treatment  system.  The  above  information  will  be  used  to  develop  the 
conceptual  design  and  estimate  costs  of  treatment. 

2.2.1  Barthell  Mines  Site  No.  1  (SSPII  RP02) 

The  conceptual  design  for  the  Barthell  Mines  Site  No.  1  (SSPII  RP02)  discharge  is 
depicted  in  Figure  5.  As  indicated  in  the  plan  view,  a  channel  and  culvert  will  convey  the  CMD 
discharge  to  the  anaerobic  vertical  flow  wetlands  and  includes  conveyance  underneath  the 
existing  railroad.  The  conveyance  channels  will  be  a  geotextile-lined  channel  containing 
limestone  material  and  will  have  a  cross-section  similar  to  the  lined  channel  depicted  in  Figure  6, 
except  the  LLDPE  liner  will  be  excluded.  The  culvert  is  a  galvanized  steel  or  PVC  pipe  sized 
with  adequate  volume  to  convey  the  discharge  and  allow  for  accumulation  of  metal  deposits. 
Efforts  will  be  made  to  prevent  stormwater  from  mixing  with  the  discharges. 

Applying  the  10  gpm  flow  rate  to  the  average  acidity  of  550  mg/L  for  the  Barthell  Mines 
Site  No.  1  (SSPII  RP02)  discharge  results  in  an  acid  loading  of  30,000  GPD  (grams  per  day) 
which  was  used  to  determine  the  treatment  area  required  for  the  vertical  flow  wetland  treatment 
system.  Acid  loading  was  used  because  acid  removal  is  the  only  parameter  for  which  design 
information  for  vertical  flow  wetlands  is  available.  An  acidity  removal  rate  of  25  GDM  (grams 
per  day  per  square  meter)  was  used  to  determine  total  treatment  area  size.  Employing  the  design 
model  developed  by  Gannett  Fleming  results  in  a  single  cell,  vertical  flow  wetland  treatment 
system  area  of  1 1,000  ft2  to  achieve  an  alkalinity  greater  than  0  mg/L.  However,  due  to  area 
constraints  at  Barthell  Mine  Site  No.  2,  the  treatment  system  at  the  Barthell  Mine  Site  No.  1  was 
sized  to  produce  a  discharge  with  excess  alkalinity  to  mitigate  the  partially  treated  water  at 
Barthell  Mine  Site  No.  2,  as  well  as  upstream  input  outside  the  BSFNRRA.  A  multi-cell  vertical 
flow  wetland  that  would  achieve  a  high  effluent  alkalinity  would  consist  of  two  cells  of  varying 
size;  Cell  1  containing  10,000  ft2  and  Cell  2  containing  7,500  ft2.    Cell  3,  an  aerobic  wetland  cell 
containing  7,500  ft2  of  treatment  area,  was  included  to  assist  in  removing  the  high  level  of  iron 
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associated  with  this  discharge.  The  two-cell  design  contains  redundant  components  which 
should  improve  the  long  term  operation  and  treatment  effectiveness  of  the  system. 

2.2.2  Barthell  Mines  Site  No.  2  (SSPII  RP03) 

The  conceptual  design  for  the  Barthell  Mines  Site  No.  2  (SSPII  RP03)  discharge  is 
depicted  in  Figure  7.  As  indicated  in  the  plan  view,  a  channel  and  culvert  will  convey  the  CMD 
discharge  to  the  anaerobic  vertical  flow  wetlands  which  includes  conveyance  down  slope  and 
underneath  the  existing  railroad.  The  conveyance  channels  will  be  a  geotextile-lined  channel 
containing  limestone  material  and  will  have  a  cross-section  similar  to  the  lined  channel  depicted 
in  Figure  6,  except  the  LLDPE  liner  will  be  excluded.  The  culvert  is  a  galvenized  steel  or  PVC 
sized  with  adequate  volume  to  convey  the  discharge  and  allow  for  accumulation  of  metal 
deposits.  Efforts  will  be  made  to  prevent  stormwater  from  mixing  with  the  discharges. 

Applying  the  25  gpm  flow  rate  to  the  average  acidity  of  265  mg/L  for  the  Barthell  Mines 
Site  No.  2  (SSPII  RP03)  discharge  results  in  an  acid  loading  of  36,100  GPD  which  was  used  to 
determine  the  treatment  area  required  for  the  vertical  flow  wetland  treatment  system.  The  design 
model  estimated  a  single  cell,  vertical  flow  wetland  treatment  system  area  of  1 1,250  ft2  of 
treatment  area  to  achieve  an  alkalinity  greater  than  0  mg/L.  However,  available  area  between  the 
railroad  and  high  water  levels  of  Roaring  Paunch  Creek  is  limited  and  inadequate  to  treat  the 
discharge.  A  two-cell  anaerobic  vertical  flow  system  with  Cell  1  containing  5000  ft2  and  Cell  2 
containing  2500  ft2  of  treatment  area  is  recommended  to  provide  partial  treatment  of  the 
discharge.  The  two-cell  design  is  recommended  over  a  one  cell  design  because  it  contains 
redundant  components  which  should  improve  the  long  term  operation  and  treatment 
effectiveness  of  the  system. 

2.2.3  Barthell  Mines  Site  No.  3  (SSPII  RP04) 

The  conceptual  design  for  the  Barthell  Mines  Site  No.  3  (SSPII  RP04)  discharge  is 
depicted  in  Figure  8.    As  indicated  in  the  plan  view,  a  channel  and  culvert  will  convey  the  CMD 
discharge  to  the  anaerobic  vertical  flow  wetlands  which  includes  conveyance  down  slope  to  the 
proposed  area.  The  conveyance  channels  will  be  a  geotextile-lined  channel  containing  limestone 
material  and  will  have  a  cross-section  similar  to  the  lined  channel  depicted  in  Figure  6,  except 
the  LLDPE  liner  will  be  excluded.  Efforts  will  be  made  to  prevent  stormwater  from  mixing  with 
the  discharges. 

Applying  the  15  gpm  flow  rate  to  the  average  acidity  of  325  mg/L  for  the  Barthell  Mines 
Site  No.  3  (SSPII  RP04)  discharge  results  in  an  acid  loading  of  26,600  GPD  which  was  used  to 
determine  the  treatment  area  required  for  the  vertical  flow  wetland  treatment  system.  The  design 
model  estimated  a  single  cell,  vertical  flow  wetland  treatment  system  area  of  8,800  ft2  of 
treatment  area  to  achieve  an  alkalinity  greater  than  0  mg/L.  A  multi-cell  systems  containing  two 
cells  with  approximately  8,000  ft2  would  achieve  an  alkalinity  greater  than  0  mg/L.  The  surface 
area  of  the  treatment  system  cells  are  6,000  ft2  in  Cell  1  and  2,500  ft2  in  Cell  2  which  total  8,500 
ft2.  The  total  area  was  increased  to  provide  excess  alkalinity  greater  than  40  mg/L  to  assist  in 
neutralizing  the  Barthell  Mines  Site  No.  2  discharge  and  upstream  inputs  of  CMD.  The  two  cell 
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system  will  contain  redundant  components  which  should  improve  the  long  term  operation  and 
treatment  effectiveness  of  the  system. 

2.2.4  Roaring  Paunch  Site  (SSPII  BTH03) 

The  conceptual  design  for  the  OLC  to  be  employed  at  the  Roaring  Paunch  Site  (SSPII 
BTH03)  is  depicted  in  Figure  9.  The  OLC  will  consist  of  a  constructed  channel  as  depicted  in 
Figure  6  containing  limestone.  The  culvert  conveying  the  discharge  down  the  slope  will  be 
modified  to  direct  the  discharge  into  the  beginning  of  the  OLC  which  will  be  in  close  proximity 
to  the  retaining  wall  from  which  the  culvert  emanates. 

The  recommended  passive  treatment  system  for  the  Roaring  Paunch  Site  (SSPII  BTH03) 
discharge  is  an  open  limestone  channel  (OLC)  constructed  on  the  slope  between  the  retaining 
wall  and  Roaring  Paunch  Creek.  The  acid  load  for  this  discharge  was  assumed  to  be  similar  to 
SSPII  RP04  which  had  and  acid  load  of  17,700  GPD.  Ziemkiewicz  et  al.  (1996),  used  as 
guidance  to  determine  size  and  length  of  the  channel  required,  indicate  the  acidity  removal  rate  is 
between  0.029  and  1.77  percent  per  linear  foot  of  OLC;  a  significant  uncertainty  exists  regarding 
this  technology  because  none  of  the  OLCs  in  the  study  produced  net  alkalinity  and  were  only 
effective  at  reducing  acidity,  iron  and  aluminum.  The  data  from  Ziemkiewicz  et  al.  was  used  to 
determine  an  acidity  removal  rate  of  230  GDLM  (grams  per  day  per  linear  meter),  which  was  the 
average  of  removal  rate  from  all  the  OLCs  examined  in  the  study,  excluding  a  channel 
constructed  with  sandstone.  Using  this  acidity  removal  rate,  the  dimensions  of  the  OLC  required 
to  produce  a  zero  acidity  discharge  is  determined  to  be  255  feet  in  length,  3  feet  in  width,  and  2 
feet  in  depth. 

2.3  Preliminary  Construction  Costs 

Construction  costs  for  the  passive  treatment  systems  will  include:  mobilization  and 
demobilization;  care  of  water  during  construction;  clearing  and  grubbing;  grading  associated  with 
channel  and  treatment  cell  construction;  piping  (e.g.,  underdrain  system);  limestone  and  an 
organic  substrate  (e.g.,  spent  mushroom  compost);  miscellaneous  materials;  seeding  of  exposed 
soils;  and  erosion  and  sedimentation  control  measures.  Tables  6  through  9  summarize  the 
preliminary  estimated  costs  for  the  four  Roaring  Paunch  Creek  projects  which  are  based  on 
engineering  estimates  from  several  recent  projects.  The  total  cost  for  passive  treatment  of  the 
four  CMD  discharge  in  the  Roaring  Paunch  Creek  is  estimated  to  be  $367,890.  No  cost 
estimates  are  provided  for  required  fill  for  construction  of  the  treatment  system  and/or  disposal  of 
excess  material  since  these  quantities  are  unknown  (determined  during  final  design).  Estimated 
costs  for  the  projects  may  be  significantly  higher  if  only  an  individual  project  is  undertaken. 

2.4.  Anticipated  Effluent  Quality 

The  passive  treatment  systems  for  the  Barthell  Mine  Site  (SSPII  RP02,  SSPII  RP03,  and 
SSPII  RP04)  discharges  utilize  the  anaerobic  vertical  flow  design  capable  of  removing  acidity 
and  producing  excess  alkalinity.  Acidity  was  used  as  the  design  parameter  for  the  conceptual 
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systems  because  it  is  the  only  available  guidance  for  design  of  this  technology.  The  number  of 
cells  and  size  of  the  conceptual  designs  were  developed  to  produce  net  alkaline  water  at  average 
loading  conditions,  except  for  the  Barthell  Mine  Site  No.  2  (SSPII  RP03)  which  was  only 
partially  treated.  Barthell  Mine  Site  No.  1  and  3  (SSPII  RP02,  and  SSPII  RP04)  should  achieve 
alkalinity  in  excess  of  100  mg/L  and  40  mg/L,  respectively.  The  two  treatment  systems  should 
also  produce  a  circumneutral  pH,  an  aluminum  concentration  less  than  0. 1  mg/L  and  iron  less 
than  0.5  mg/L.  The  partial  treatment  of  the  Barthell  Mine  Site  No.  2  (SSPII  RP03)  discharge  by 
the  passive  treatment  system  will  likely  achieve  an  effluent  acidity  less  than  75  mg/L,  iron 
concentration  of  less  than  5  mg/L  and  decreases  in  aluminum.  Trace  metals  will  be  removed  in 
the  anaerobic  environment  of  the  vertical  flow  treatment  cells  and  based  on  the  flow  passing 
through  the  systems  underdrain,  a  minimum  of  90,  60  and  70  percent  removal  of  the  trace  metals 
(i.e.,  copper,  chromium  (III)  and  zinc)  will  be  removed  by  the  Barthell  Mine  Site  No.  1,  2  and  3 
passive  treatment  systems,  respectively. 

The  passive  treatment  system  for  the  Roaring  Paunch  Site  (SSPII  BTH03)  discharge 
employs  a  new  OLC  design  for  which  there  is  minimal  design  and  performance  information.  The 
treatment  system  can  be  expected  to  lower  acidity  levels,  raise  pH,  and  decrease  aluminum  and 
iron  concentrations,  thereby  improving  the  effluent  quality.  However,  it  is  not  likely  that  the 
system  will  provide  a  net  alkaline  water  nor  circumneutral  pH  based  on  field  results  achieved  by 
Ziemkiewicz  et  al.  (1996).  In  addition,  the  effectiveness  of  the  system  at  lowering  trace  metals  is 
uncertain  because  there  is  no  information  on  trace  metal  precipitation  for  this  technology.  Some 
trace  metal  precipitation  in  this  aerobic  environment  may  occur  as  acidity,  aluminum  and  iron 
concentrations  but  will  be  much  less  than  observed  in  anaerobic  environments  in  the  presence  of 
sulfide. 

Treatment  of  the  Roaring  Paunch  Creek  discharges  will  lower  metal  concentrations  in  the 
Roaring  Paunch  Creek  and  will  lower  the  amount  of  contaminants  entering  the  Big  South  Fork 
River.  It  is  anticipated  the  level  of  treatment  provided  by  the  proposed  treatment  systems,  if 
implemented  jointly,  will  at  a  minimum  achieve  water  quality  observed  in  Roaring  Paunch 
upstream  of  the  Barthell  Mine  area.  Water  quality  may  actually  be  improved  to  levels  exceeding 
this  upstream  quality  by  allowing  natural  remediation  processes  provide  additional  removal  of 
concentrations  observed.  Based  on  this  comparison  the  proposed  remediation  will  likely  achieve 
and  exceed  the  AWQC  benchmarks  for  the  Roaring  Paunch  Creek.  The  EC20  benchmarks  may 
also  be  achieved  for  some  parameters  (e.g.,  pH,  aluminum,  iron,  copper  and  zinc),  but  can  not  be 
evaluated  for  others  due  to  the  benchmark  concentration  being  less  than  analytically  quantifiable 
concentrations  (e.g.,  cadmium  and  lead). 
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Plate  5.  CMD  discharges  located  on  the  side  slope 
above  Devils  Creek. 


3.0  DEVILS  CREEK  SITE 

The  Devils  Creek  site  is 
located  on  the  western  side  of  the 
Big  South  Fork  River  in  the  vicinity 
of  Blue  Heron  (see  Figure  3).  The 
diffuse  CMD  discharges  enter 
Devils  Creek  a  short  distance, 
approximately  300  feet,  upstream  of 
the  confluence  with  the  Big  South 
Fork  River  (see  Figure  10).  The 
Devils  Creek  multi-point  discharges 
associated  with  mine  spoil  and 
historic  deep  mining  openings  are 
located  on  the  side  slope  of  the 
watershed  (see  Plate  5). 

Water  quality  data  at  the 
mouth  of  the  Devils  Creek  from  the 
Phase  I  and  II  monitoring  program, 
summarized  in  Table  1 0,  indicate 

pH  varies  from  3.1  to  6.9  and  appears  to  be  related  to  stream  flow  with  low  pHs  occurring  during 
low  flows  similar  to  observed  in  the  Laurel  Branch  Creek.  Acidity,  aluminum,  iron,  manganese 
also  appear  to  be  related  to  discharge  flow  with  higher  concentrations  at  lower  flows.  The  trace 
metals  copper  and  zinc  were  repeatedly  detected  at  the  Devils  Creek  station  at  concentrations 
greater  than  aquatic  life  criteria. 

The  higher  pH  at  higher  flows  and  the  presence  of  macroinvertebrates  immediately 
upstream  of  the  CMD  inflow  point  suggests  the  primary  source  of  CMD  impacts  to  Devils  Creek 
are  associated  with  multi-point  discharges  that  enter  Devils  Creek  near  its  confluence  with  the 
Big  South  Fork  River.    Examination  of  the  multi-point  discharge  area  indicates  the  CMD 
emanates  from  primarily  two  discrete  locations  well  up  slope  of  the  Devils  Creek  stream  channel 
(see  Figure  10).  The  source  of  the  CMD  appears  to  be  from  several  drift  mine  openings  and 
mine  spoil  on  the  side  slope.  A  water  quality  sample  from  the  discharge  collected  during  the 
Phase  I  investigation  indicates  the  multi-point  discharge  has  a  low  pH  (less  than  2.7)  and  is 
moderately  acidic  with  a  reported  value  of  360  mg/L  as  CaC03.  Zinc  concentrations  were  very 
high  and  approached  0.2  mg/L,  well  above  the  estimated  water  quality  criteria  for  the  Big  South 
Fork  River. 

3.1  Remediation  Recommendations 

The  possible  remediation  methods  available  for  resolving  the  water  quality  impacts  on  the 
Big  South  Fork  River  associated  with  the  Devils  Creek  discharge  are  limited  to  treatment  BMPs. 
Site  remediation  BMPs  would  likely  involve  removal  of  spoil  and  mine  seals  which  would  likely 
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have  limited  success  in  reducing  CMD  flow  and/or  strength.  The  treatment  BMPs  identified  for 
the  Devils  Creek  discharge  include: 

•  Instream  treatment  of  Devils  Creek  using  active  treatment  systems  (e.g.,  chemical 
dosers); 

•  Instream  treatment  of  Devils  Creek  using  passive  treatment  systems  (e.g., 
limestone  sand  dosing); 

•  Treatment  of  the  multi-point  discharges  using  active  treatment  systems  (e.g., 
chemical  doser); 

•  Treatment  of  the  multi-point  discharges  using  passive  wetland  treatment  systems 
(e.g.,  vertical  flow  wetlands); 

Operation  and  maintenance  limitations  of  instream  active  treatment  discussed  for  the 
Laurel  Branch  Creek  site  also  apply  to  Devils  Creek.  The  Devils  Creek  flow  is  also  inadequate 
to  support  use  of  a  rotary-drum  system  which  requires  a  minimum  of  0.1  cfs  to  operate  on  a 
continuous  basis  (Zurbuch  et  al.  1996).  Instream  active  treatment  will  result  in  precipitation  of 
metals  (primarily  iron  and  aluminum)  in  the  stream  where  the  solids  can  accumulate  in  the 
substrate  and  potentially  impact  benthic  habitat.  Trace  metals  (e.g.,  copper  and  zinc)  in  the  CMD 
may  be  co-precipitated  with  iron  and  aluminum  or  remain  in  solution  where  they  may  remain 
potentially  toxic  to  fish  and  benthic  macroinvertebrates.  The  short  distance  from  the  discharge 
location  to  the  Big  South  Fork  River  suggests  the  metal  precipitation  would  likely  occur  within 
the  river  potentially  impacting  water  quality,  benthic  habitat,  and  aesthetics  within  the  river. 
Based  on  the  above  limitations,  instream  active  treatment  are  not  recommended  as  a  remediation 
methods  for  the  Devils  Creek. 

Active  treatment  of  the  multi-point  discharge  is  a  viable  alternative  if  a  settling  basin  is 
provided  in  the  active  treatment  design.  Active  treatment  with  settling  will  remove  iron  and 
aluminum  as  well  as  trace  metals  from  the  Devils  Creek  CMD  discharge.  However,  operation 
and  maintenance  limitations,  similar  to  discussed  for  instream  active  treatment,  but  also 
including  periodic  dredging  of  settling  pond,  would  prohibit  the  use  of  active  treatment  of  the 
discharge  at  a  remote  location  such  as  the  Devils  Creek  location. 

Instream  passive  treatment  employing  a  periodic  limestone  sand  application  to  a  location 
downstream  of  the  discharge  to  Devils  Creek  would  be  affected  by  the  short  distance  to  the  Big 
South  Fork  River  and  could  result  in  significant  accumulation  of  metals  in  the  river.  In  addition, 
the  short  distance  may  be  insufficient  for  the  limestone  sand  to  completely  react  with  the  acidity 
in  Devils  Creek  resulting  in  water  quality  impacts.  Limited  access  to  the  Devils  Creek  site  may 
also  create  problems  in  replenishing  the  limestone  sand  on  a  periodic  basis. 

Passive  wetland  treatment  has  been  found  to  provide  successful  treatment  of  CMD  with 
characteristics  similar  to  that  of  the  degraded  water  quality  found  in  the  Devils  Creek  CMD 
multi-point  discharges.  However,  passive  treatment  is  not  recommended  to  treat  co-mingled 
CMD  discharge  flow  and  Devils  Creek  flow  because  of  the  stream  flow  variability  that  has  been 
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observed  for  Devils  Creek  which  could  jeopardize  the  treatment  effectiveness  of  a  passive 
wetland  treatment  system.  Treatment  of  the  multi-point  CMD  discharge  can  be  accomplished  by 
collecting  the  discreet  points  and  conveying  them  to  a  common  location;  such  as  the  identified 
potential  treatment  area  (see  Figure  10). 

Treatment  of  the  Devils  Creek  CMD  discharges  will  require  a  passive  treatment  system 
capable  of  generating  alkalinity.  Alkalinity  generating  treatment  technologies  identified  in 
Section  1 .4  include  ALD,  surface  flow  anaerobic  wetland  and  anaerobic  vertical  flow  wetland 
designs.  In  addition  to  alkalinity  generation,  the  passive  treatment  system  must  be  capable  of 
lowering  the  trace  metal  concentrations;  chromium,  copper  and  zinc  that  were  found  at 
concentrations  greater  than  the  detection  limits  in  Devils  Creek.  The  limitations  of  each 
technology  is  presented  in  Table  1.  The  elevated  aluminum  (2.8  mg/L)  and  high  ferric  iron  (61.6 
mg/L)  measured  in  the  discharge  indicates  the  ALD  technology  would  be  inappropriate.  The 
anaerobic  surface  flow  wetland  design  would  be  capable  of  providing  alkalinity  but  the  required 
treatment  area  for  this  design  would  likely  exceed  available  area.  The  remaining  technology, 
anaerobic  vertical  flow  wetland,  is  capable  of  treating  the  acidity  levels  found  in  the  Devils  Creek 
discharge  and  providing  excess  alkalinity.  In  addition,  the  anaerobic  conditions  provided  in  this 
design  have  been  found  to  lower  trace  metal  concentrations.  Therefore,  the  anaerobic  vertical 
flow  wetland  design  is  recommended  as  the  technology  of  choice  to  treat  the  Devils  Creek  CMD 
discharge;  the  high  influent  ferric  iron  should  be  lowered  to  acceptable  levels  in  the  inflow 
limestone  channel. 

3.2  Conceptual  Design 

Based  on  the  above  evaluation,  only  passive  wetland  treatment  is  suitable  to  address  the 
Devils  Creek  CMD  discharge  to  the  Big  South  Fork  River.  Of  the  passive  wetland  treatment 
technologies  available,  anaerobic  vertical  flow  wetland  design  is  most  appropriate  to  treat  the 
Devils  Creek  CMD  discharge. 

The  conceptual  design  for  the  anaerobic  vertical  flow  wetland  is  depicted  in  Figure  1 1 . 
As  indicated  in  this  plan  view  a  collection  channel  will  convey  the  multi-point  CMD  discharge 
across  the  slope  to  the  anaerobic  vertical  flow  wetland  located  at  the  potential  treatment  area,  a 
distance  of  approximately  200  feet.  The  conveyance  channel  will  be  a  geotextile-lined  channel 
containing  limestone  material. 

The  Devils  Creek  CMD  discharge  (SSPII  DC03)  was  sampled  once  during  the 
BSFNRRA  characterization  study  (Phase  I  Report)  and  three  times  during  the  Phase  II  study. 
Additional  sampling  may  be  necessary  to  characterize  the  discharge  prior  to  final  design.  The 
flow  rate  monitored  for  the  SSPII  DC03  discharge  ranged  from  10  to  20  gpm  this  data  and  a 
discharge  flow  rate  of  45  gpm  was  estimated  based  on  data  collected  from  Devils  Creek,  the 
CMD  discharge  chemistry  and  employing  a  mass  balance  equation.  The  45  gpm  flow  was  used 
to  develop  the  Devils  Creek  passive  treatment  system  because  of  diffuse  nature  of  the  discharges 
on  the  slopes  above  Devils  Creek  and  the  likelihood  of  infiltration  of  the  CMD  into  the  soil, 
entering  the  creek  as  seepage.  Applying  this  flow  rate  to  the  CMD  water  chemistry  data  for  the 
discharge  results  in  an  acid  loading  of  88,300  GPD  which  was  used  to  determine  the  treatment 
area  required  for  the  vertical  flow  wetland  treatment  system.  Acid  loading  was  used  because  acid 
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removal  is  the  only  parameter  for  which  design  information  for  vertical  flow  wetlands  is 
available.  An  acidity  removal  rate  of  25  GDM  was  used  to  determine  total  treatment  area  size.  A 
design  model  developed  by  Gannett  Fleming  was  used  to  determine  optimal  number  of  cells  and 
treatment  area  in  each  cell  within  the  vertical  flow  system.  The  model  considers  acid  loading, 
hydraulic  detention  time  and  effluent  quality  from  the  vertical  flow  wetland  treatment  cell;  with 
an  assumed  alkalinity  of  1 00  mg/L  from  the  underdrain  of  vertical  flow  wetland  treatment 
systems. 

A  single  cell,  vertical  flow  wetland  treatment  system  would  require  30,000  ft2  of 
treatment  area  to  adequately  treat  (i.e.,  acidity  =  0  mg/L  and  alkalinity  >  0  mg/L)  CMD  discharge 
on  Devils  Creek.  A  multi-cell  vertical  flow  wetland  that  would  achieve  this  same  effluent 
alkalinity  would  consist  of  three  cells  of  varying  size;  Cell  1  containing  7500  ft2,  Cell  2 
containing  10,500  ft2,  and  Cell  3  containing  1 1,000  ft2.  The  total  treatment  area  of  the  multi-cell 
system  is  29,000  ft2  a  slight  reduction  in  treatment  area  which  will  likely  reflect  a  decrease  in 
project  cost.  However,  this  multi-cell  design  will  yield  substantially  greater  effluent  alkalinity 
and  will  lower  trace  metals  to  lower  levels  than  a  single  cell  design.  In  addition,  the  long  term 
operation  and  treatment  effectiveness  is  likely  to  be  improved  in  a  multi-cell  system  containing 
redundant  components. 

3.3  Preliminary  Construction  Costs 

Construction  costs  for  this  remediation  will  include:  mobilization  and  demobilization; 
care  of  water  during  construction;  clearing  and  grubbing;  grading  associated  with  channel  and 
treatment  cell  construction;  piping  (e.g.,  underdrain  system);  limestone  and  an  organic  substrate 
(e.g.,  spent  mushroom  compost);  miscellaneous  materials;  seeding  of  exposed  soils;  and  erosion 
and  sedimentation  control  measures.  Table  1 1  summarizes  the  anticipated  costs  for  the  Devils 
Creek  project  which  are  based  engineering  estimates  from  several  recent  projects.  No  cost 
estimates  are  provided  for  required  fill  for  construction  of  the  treatment  system  and/or  disposal  of 
excess  material  since  these  quantities  are  unknown,  determined  during  final  design. 

3.4  Anticipated  Effluent  Quality 

The  passive  treatment  systems  for  the  Devils  Creek  CMD  discharges  utilizes  the 
anaerobic  vertical  flow  design  capable  of  removing  acidity,  producing  excess  alkalinity  and 
removing  trace  metals.  Acidity  was  used  as  the  design  parameter  for  the  conceptual  systems 
because  it  is  the  only  available  guidance  for  design  of  this  technology.  The  number  of  cells  and 
size  of  the  conceptual  designs  were  developed  to  produce  net  alkaline  water  at  average  loading 
conditions,  which  will  also  result  in  complete  removal  of  acidity,  a  circumneutral  pH  and  iron 
and  aluminum  less  than  1  mg/L.  Trace  metals  will  be  removed  in  the  anaerobic  environment  of 
the  vertical  flow  treatment  cells.  Based  on  the  flow  passing  through  the  underdrains,  35  gpm  at 
average  flow,  the  proposed  treatment  system  will  lower  the  trace  metal  concentrations  by  a 
minimum  of  75  percent  as  measured  at  the  effluent  from  the  system.  Compliance  of  copper  and 
other  non-detected  metals  (e.g.,  cadmium)  with  the  EC20  is  possible,  but  can  not  be  evaluated 
because  of  the  concentrations  are  less  than  analytical  quantification  levels. 
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The  level  of  treatment  should  potentially  lower  chromium  (III),  copper  and  zinc 
concentrations  to  less  than  the  AWQC  benchmarks,  thereby  resulting  in  the  majority  of 
parameters  to  be  in  compliance  with  the  AWQC  benchmarks,  as  measured  at  the  effluent  from 
the  system.  A  number  of  the  parameters  will  also  be  in  compliance  with  the  EC20  benchmarks, 
e.g.,  aluminum  and  zinc,  but  it  is  not  likely  that  all  parameters,  e.g.,  copper  and  iron,  will  meet 
EC20  benchmarks.    Compliance  of  other  non-detected  metals  (e.g.,  cadmium)  can  not  be 
evaluated  because  the  concentrations  are  less  than  analytical  quantification  levels. 
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Plate  6.  Mine  spoil,  waterfalls  and  associated  CMD 
discharges  on  the  Laurel  Branch  Creek. 


4.0  LAUREL  BRANCH  CREEK  SITE 

The  Laurel  Branch  Creek  site  is 
located  near  the  southern  border  of  the 
BSFNRRA  CMD  study  area  (see  Figure 
3).  The  Laurel  Branch  Creek 
contributes  pollutants  to  the  Big  South 
Fork  River  from  diffuse  discharges 
associated  with  historic  deep  mine  spoil 
on  the  side  slope  of  the  watershed  (see 
Figure  12).  The  mine  spoil  from  this 
mining  is  located  down  slope  of  a  mine 
opening  and  includes  a  large  section  of 
the  stream  channel  that  was  deliberately 
placed  across  the  channel  and  used  as 
bridge  during  active  mining.    The 
bridge  foundation  has  washed  away 
leaving  mine  residues  in  the  channel 
that  has  created  a  waterfall  on  the 
Laurel  Branch  that  is  approximately  20  feet  in  height  (see  Plate  6). 

Water  quality  data  at  the  mouth  of  the  Laurel  Branch  from  the  Phase  I  and  II  monitoring 
program,  summarized  in  Table  12,  indicate  pH  varies  from  3.5  to  5.5  and  appears  to  be  related  to 
stream  flow  with  low  pHs  occurring  during  low  flows.  Acidity,  aluminum,  iron,  manganese  and 
zinc  are  also  related  to  discharge  flow  with  higher  concentrations  occurring  at  lower  flows. 
Phase  I  sampling  also  included  an  upstream  station  (i.e.,  above  the  mine  spoil)  which  contained 
water  quality  reflecting  the  absence  of  mine  drainage  impacts;  the  upstream  water  quality  had  a 
pH  greater  than  6,  conductivity  less  than  50  yumhos/cm,  and  sulfate  less  than  10  mg/L.  The 
monitoring  results  suggest  the  source  of  the  CMD  to  the  Laurel  Branch  is  the  mine  spoil. 

Examination  of  the  mine  spoil  and  man-made  waterfall  indicated  CMD  was  emanating  at 
several  locations  at  the  base  of  the  waterfall.  This  suggests  that  upstream,  uncontaminated  water 
infiltrates  into  the  mine  spoil  located  in  and  adjacent  to  the  stream  channel  where  this  water 
reacts  with  the  acid-forming  minerals  of  the  mine  spoil.  The  flow  dependent  water  quality  at  the 
mouth  supports  this  conclusion  because  the  infiltration  capacity  of  the  mine  spoil  represents  only 
a  small  portion  of  the  total  flow  at  high  flows  but  increases  in  proportion  to  the  total  flow  as  the 
stream  flow  decreases. 

4.1  Remediation  Recommendations 

A  number  of  possible  site  remediation  and  treatment  BMPs  are  available  for  resolving  the 
water  quality  impacts  on  the  Big  South  Fork  River  associated  with  the  Laurel  Branch  discharge. 
The  BMPs  identified  include: 
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•  Instream  treatment  of  Laurel  Branch  using  active  treatment  systems  (e.g., 
chemical  dosers); 

•  Instream  treatment  of  Laurel  Branch  using  passive  treatment  systems  (e.g., 
limestone  sand  dosing); 

•  CMD  discharge  treatment  using  passive  wetland  treatment  systems  (e.g.,  vertical 
flow  wetlands); 

•  Elimination  of  CMD  source  areas  via  removal  of  mine  spoil  from  the  site;  and 

•  Reduction  of  CMD  production  by  construction  of  a  stable  lined  stream  channel  to 
minimize  infiltration  of  stream  into  the  mine  spoil. 

Most  of  the  active  treatment  systems  available  require  a  high  degree  of  operation  and 
maintenance  to  sustain  treatment,  such  as  electricity  and  chemical  feeding.  The  rotary-drum 
system  is  a  lower  maintenance  (requires  no  electricity  and  manual  feed  once  every  one  to  two 
weeks)  active  treatment  that  has  been  successfully  employed  to  treat  CMD  impacted  streams  in 
West  Virginia,  but  requires  a  minimum  of  0.1  cfs  to  operate  which  is  not  present  on  a  continuous 
basis  in  the  Laurel  Branch  Creek  (Zurbuch  et  al.  1 996).  Long  term  operation  records  for  many  of 
the  active  treatment  systems  indicate  mechanical  failures  occur  resulting  in  loss  of  treatment  and 
water  quality  impacts  on  the  receiving  stream  biota.  Instream  treatment  also  results  in 
precipitation  of  metals  (primarily  iron  and  aluminum)  in  the  stream  where  the  solids  can 
accumulate  in  the  substrate  potentially  impacting  benthic  habitat.  Trace  metals  (e.g.,  copper  and 
zinc)  in  the  CMD  may  be  co-precipitated  with  iron  and  aluminum  or  remain  in  solution  where 
they  may  remain  potentially  toxic  to  fish  and  benthic  macroinvertebrates.  The  short  distance 
from  the  discharge  location  to  the  Big  South  Fork  River  suggests  the  metal  precipitation  would 
likely  occur  within  the  river  potentially  impacting  water  quality,  benthic  habitat,  and  aesthetics 
within  the  river.  Based  on  the  above  limitations,  instream  active  treatment  is  not  recommended 
as  a  remediation  method  for  the  Laurel  Branch  Creek  CMD  discharge. 

Instream  passive  treatment  employs  a  periodic  limestone  sand  application  to  one  or 
several  locations  within  an  impacted  watershed.  The  limestone  sand  is  applied  directly  into 
stream  channels  where  the  stream  water  contacts  the  limestone  slowly  dissolving  it  or  carrying 
and  distributing  the  sand  throughout  the  stream  length  where  it  becomes  incorporated  in  the 
stream  bed.  The  limestone  sand  will  slowly  dissolve  over  time  providing  alkalinity  to  increase 
pH  and  neutralize  acidity.  The  changes  in  pH  result  in  the  in  precipitation  of  pH  solubility 
dependent  metals  such  as  iron  (ferric)  and  aluminum.  This  is  a  relatively  new  remediation 
technique  that  has  gained  interest  in  a  number  of  states  for  treatment  of  CMD  and  acid  deposition 
impacted  waters.  No  long  term  studies  have  been  conducted  to  determine  frequency  of  sand 
application,  number  of  locations,  impacts  on  benthic  communities,  and  effects  of  flood  events  on 
sustaining  water  quality  conditions.  In  addition,  this  is  an  instream  treatment  which  may  have 
similar  problems  related  to  metal  removal  that  was  discussed  above  for  instream  active  treatment. 
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Passive  treatment  has  been  found  to  provide  successful  treatment  of  CMD  with 
characteristics  similar  to  that  of  the  degraded  water  quality  found  in  the  Laurel  Branch  Creek  at 
low  flows.  However,  passive  treatment  has  not  been  employed  to  treat  co-mingled  CMD  in  a 
stream  with  flow  variability  that  is  likely  to  occur  in  the  Laurel  Branch  Creek.  High  flows 
associated  with  storm  events  could  result  in  hydraulic  overloading,  accumulation  of  eroded 
sediments  in  the  system,  wash-out  of  substrates,  and/or  damage  to  the  passive  treatment  system. 
Collection  of  the  diffuse  CMD  discharges  emanating  from  the  spoil  from  un-contaminated 
stream  flow  would  be  difficult.  However,  the  entire  flow,  at  low  stream  flow,  could  be  conveyed 
to  a  location  away  from  the  stream  channel  and  treated  with  an  alkalinity  generating  vertical  flow 
wetland  treatment  system.  The  estimated  area  of  a  vertical  flow  treatment  system  to  treat  flows 
of  0.3  cfs  and  50  mg/L  acidity  would  be  approximately  8,000  ft2  at  a  cost  likely  to  exceed 
$100,000  at  the  identified  location;  based  on  remote  location,  distance  of  conveyance  and  size  of 
a  treatment  system  to  achieve  a  net  alkaline  discharge.  This  alternative  would  only  be  capable  at 
treating  stream  flows  up  to  0.3  cfs  with  stream  flows  in  excess  of  this  flow  remaining  untreated. 
This  would  result  in  some  untreated  CMD  entering  the  Big  South  Fork  River,  although  the 
dilution  in  Laurel  Branch  Creek  and  the  river  would  minimize  the  impact  of  the  untreated  CMD. 

Removal  of  the  mine  spoil  is  a  remediation  method  which  would  remove  the  production 
of  CMD  by  eliminating  the  source  area.  The  highly  acidic  nature  and  trace  metal  composition  of 
the  mine  spoil  may  require  disposal  at  a  hazardous  waste  facility  which  can  have  tipping  fees  as 
high  as  $100.00  per  ton.  The  mine  spoil  could  be  excavated  from  the  site,  hauled  off-site  and 
disposed  of  at  a  location  (e.g.,  capped,  reclaimed  mine  site)  where  the  spoil  can  be  isolated  and 
any  CMD  produced  can  be  treated.  The  costs  associated  with  a  small  disposal  amount  produced 
at  this  location  would  likely  result  in  excessively  high  costs.  However,  if  this  removal  were  part 
of  a  much  larger  disposal  project,  e.g.,  one  of  the  proposed  options  for  the  Blue  Heron  site  (see 
Chapter  5.0),  the  costs  of  the  disposal  could  be  dramatically  reduced.  For  example,  the  proposed 
disposal  and  reclamation  option  for  the  Blue  Heron  site  resulted  in  a  $7.50  per  cubic  yard 
estimated  cost  which  would  likely  approximate  the  costs  for  the  Laurel  Branch  Creek  site  if  the 
disposal  and  remediation  option  for  the  Blue  Heron  site  was  implemented.  Applying  this  cubic 
yard  cost  results  in  an  estimated  project  cost  of  $125,000  to  dispose  of  the  estimated  17,000 
cubic  yards  of  spoil.  The  complete  removal  may  eliminate  the  CMD  discharge  from  this  location 
if  the  CMD  is  solely  the  result  of  spoil  leaching. 

The  remaining  remediation  technique  identified  is  a  lined  stream  channel  to  convey  the 
stream  on  top  of  the  spoil,  preventing  infiltration  of  stream  water  into  the  mine  spoil.  This 
remediation  technique  employs  construction  of  a  stream  channel  that  contains  an  impervious 
synthetic  (e.g.,  LLDPE)  or  geo-synthetic  (GSL)  liner  and  limestone  rock.  The  impervious  liner 
will  prohibit  stream  water  from  infiltrating  into  the  mine  spoil  where  it  can  contact  acid-bearing 
minerals  producing  the  CMD.  Preventing  infiltration  should  minimize  the  CMD  produced  from 
site;  some  CMD  may  be  produced  from  precipitation  falling  directly  onto  the  mine  spoil.  Costs 
of  a  lined  stream  channel  typically  are  within  the  range  of  $10  to  $25  per  linear  foot  which  results 
in  an  estimated  project  cost  of  approximately  $25,000  for  a  100  ft  channel.  This  option  would 
eliminate  infiltration  of  the  stream  flow  into  the  spoil,  decreasing  CMD  production  by  nearly  100 
percent.  Some  CMD,  estimated  at  less  than  V2  gpm  based  on  up  slope  catchment  areas,  would 
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continue  to  be  produced  from  precipitation  infiltrating  the  up  slope  areas;  limestone  included  in 
the  channel  should  provide  alkalinity  sufficient  to  neutralize  this  CMD  input. 

Based  on  the  above  evaluation  three  alternatives  are  suitable  to  address  the  Laurel  Branch 
site  CMD  discharge  in  the  BSFNRRA,  which  are:  passive  treatment  employing  vertical  flow 
wetland  design;  removal  of  the  mine  spoil  from  the  Laurel  Branch  Creek  channel  and  adjacent 
slopes;  and  construction  of  a  lined  channel  on  top  of  the  mine  spoil.  Of  the  three  options  the 
lined  channel  appears  to  be  the  most  cost  effective  alternative  for  the  site  and  should  achieve  the 
desired  water  quality  objectives. 

4.2  Conceptual  Design 

The  conceptual  design  for  the  constructed  lined  channel  is  depicted  in  Figure  13.  As 
indicated  in  this  plan  view  the  channel  would  be  located  across  the  existing  mine  spoil  only 
which  is  approximately  100  feet  in  length.  A  typical  cross-section  of  a  lined  channel  is  depicted 
in  Figure  6. 

This  construction  will  likely  require  removal  of  a  small  amount  of  mine  spoil  to  grade  a 
channel  with  a  stable  slope  (i.e.,  no  waterfall)  which  can  be  properly  disposed  in  adjacent  areas. 
The  recommended  liner  for  the  channel  is  a  linear  low  density  polyethylene  (LLDPE)  material 
with  a  thickness  of  40  mm  with  a  geotextile  fabric  placed  on  top.  An  LLDPE  liner  is  preferred 
over  a  geosynthetic  liner  (GSL),  a  clay  impregnated  geotextile  fabric,  because  of  potential 
reactivity  of  acid  materials  in  the  spoil  with  the  clay  in  the  GSL.  The  liner  will  be  anchored  into 
the  subgrade  on  each  side  of  the  channel  as  well  as  the  upstream  and  downstream  ends. 
Limestone  will  be  placed  in  the  channel  to  provide  roughness  and  stability.  This  limestone 
should  also  provide  alkalinity  to  the  contact  water  which  will  aid  in  neutralizing  any  acid  inputs 
from  the  mine  spoil  (i.e.,  surface  runoff  and/or  seepage). 

4.3  Preliminary  Construction  Costs 

Construction  costs  for  this  remediation  will  include:  mobilization  and  demobilization; 
diversion  of  water  during  construction;  clearing  and  grubbing;  grading  of  stream  channel; 
disposal  of  excess  mine  spoil  (if  off-site);  materials  including  LLDPE  liner,  geotextile  fabric  and 
limestone;  installation  of  the  LLDPE  liner,  geotextile  and  limestone,  seeding,  and  erosion  and 
sedimentation  control  measures.  The  total  cost,  summarized  Table  13,  for  the  construction  of 
the  Laurel  Branch  Creek  project  is  estimated  to  be  $25,500  and  is  based  on  engineering  estimates 
from  several  recent  projects. 

4.4  Anticipated  Water  Quality 

The  lined  stream  channel  will  eliminate  contact  of  the  Laurel  Branch  Creek  stream  flow 
with  mine  spoil  that  covers  the  area  and  will  decrease  acid  production  from  this  spoil.  Water 
quality  data  at  low  stream  flow  (see  Table  1 2)  indicates  the  proposed  remediation  should 
substantially  improve  water  quality  and  will  likely  eliminate  acidity,  lower  iron  to  less  than  0.5 
mg/L,  and  lower  aluminum  to  less  0.5  mg/L,  thereby  lowering  loading  to  the  Big  South  Fork 
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River.  The  limestone  in  the  lined  channel  should  add  alkalinity  to  neutralize  acidity  inputs  from 
the  mine  spoil  and  upstream  sources  of  CMD  that  can  not  be  eliminated  and  could  raise  the  pH  to 
greater  than  6.5.  Trace  metal  concentrations,  e.g.,  copper  and  zinc,  may  be  lowered  to  levels  less 
than  concentrations  reported  for  Laurel  Branch  Creek  discharge  rates  greater  than  3  cfs  (see 
Table  12),  which  are  less  than  detection  for  copper  and  less  than  0.01  mg/L  for  zinc.  This  level 
of  treatment  or  pollutant  reduction  indicates  the  proposed  remediation  could  achieve  compliance 
with  the  A  WQC  benchmarks  and  approach  EC20  benchmarks,  the  later  are  difficult  to  evaluate  for 
a  number  of  parameters  because  the  benchmarks  are  less  than  quantifiable  concentrations. 
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5.0  BLUE  HERON  SPOIL 

The  Blue  Heron  Spoil  site  is  located  to  the  south  (upstream)  of  the  Blue  Heron  Recreation 
area  in  the  southern  section  of  the  study  area  and  is  visible  from  the  BSFNRRA  overlook  (see 
Figure  3).  The  spoil  in  this  area  is  associated  with  discarded  mine  wastes  from  a  number  of 
historic  deep  mines  that  were  located  well  up  on  the  side  slopes  of  the  watershed.  Historical 
information  also  indicates  that  area  of  the  mine  spoil  may  have  been  pyrolized  in  fires  in  the 
mine  spoil.  The  Blue  Heron  Spoil  site,  depicted  in  Figure  14,  is  approximately  17  acres  in  size 
(the  largest  mine  spoil  area  in  the  BSFNRRA)  and  is  comprised  of  three  distinct  spoil  disposal 
areas  which  are  Blue  Heron-North,  Blue  Heron-South  and  Blue  Heron-Pine  Plantings.  The  mine 
spoil  is  located  adjacent  to  the  Big  South  Fork  River  and  comprises  the  river  bank  in  several 
areas  (see  Plate  7).  CMD  discharges  enter  directly  into  the  river  from  diffuse  discharges  located 
along  the  river  bank  and  at  the  base  of  the  spoil  areas.  The  mine  spoil  at  Blue  Heron-North  and 
Blue  Heron-South  has  been  graded  and  has  well  established  herbaceous  vegetation.  The  only 
open  spoil  areas  are  along  a  steeply  sloped  area  adjacent  to  the  Big  South  Fork  River.  The  Blue 
Heron-Pine  Plantings  contains  10  to  20  year  old  planted  scotch  pine,  however,  the  site  is  poorly 
graded  with  erosion  gullies  and  exposed  spoil  are  present  throughout. 


Plate  7.  Blue  Heron  Spoil  area  located  on  the  side  slope  of  the  Big  South  Fork  River. 

Water  quality  data  at  the  various  Blue  Heron  seeps  along  the  Big  South  Fork  River  from 
the  Phase  I  and  II  monitoring  at  sampling  station  numbers  SSPII  BH01,  SSPII  BH02N,  SSPII 
BH02  and  SSPII  BH04  are  summarized  in  Tables  14-17.  The  results  indicate  the  pHs  of  the 
discharges  ranged  in  the  mid-  to  upper  twos  with  moderate  to  high  acidities  ranging  from  300  to 
5,000  mg/L.  Both  pH  and  acidity  appear  to  have  a  seasonal  variability  with  the  lowest  pHs  and 
highest  acidities  occurring  during  mid-  to  late  summer;  possibly  associated  with  minimum 
discharge  flows  or  highest  spoil  temperatures.  Aluminum  and  iron  were  elevated  at  all  the 
monitoring  locations  with  maximum  concentrations  exceeding  1 00  mg/L  and  1 ,000  mg/L, 
respectively.  The  trace  metals  arsenic,  cadmium,  chromium,  copper,  lead  and  zinc  were 
measured  in  samples  at  all  Blue  Heron  locations  with  maximum  concentrations  well  above 
detection  limits. 

Examination  of  the  mine  spoil  area  indicate  the  CMD  emanates  at  several  locations  near 
the  base  of  the  spoil  and  in  areas  that  are  subject  to  flooding  by  seasonal  high  waters  in  the  Big 
South  Fork  River.    The  Blue  Heron-North  and  Blue  Heron-South  areas  have  been  graded  to 
gentle  slopes  to  minimize  erosion  and  aid  in  establishing  the  herbaceous  cover.  The  side-slopes 
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adjacent  to  the  river  are  20  to  30  feet  high  barren  spoil  that  appear  to  be  severely  eroded  by  river 
storm  flows.  The  Blue  Heron-Pine  Planting  spoil  area  has  not  been  graded  and  contains  flat, 
sloping  areas  and  erosion  gullies  with  barren  spoil  distributed  throughout  the  area. 

Two  surface  waters  were  identified  on  and  adjacent  to  the  Blue  Heron  site  which  may  be 
sources  of  water  infiltrating  into  the  spoil  and  contribute  to  migration  of  CMD  from  the  spoil.  A 
constructed  channel  borders  the  Pine  Plantings  area  and  conveys  a  perennial  spring  from  up  slope 
of  the  Blue  Heron  Spoil  to  the  Big  South  Fork  River.  The  channel  is  unlined  and  contains  gravel 
and  soil  areas  that  may  permit  infiltration  of  water  into  adjacent  spoil  areas.  Flow  in  the  channel 
appeared  to  decrease  in  a  downstream  direction  but  no  flow  measurements  have  been  made  to 
verify  this  observation.  An  open  water  pond  (possibly  a  former  settling  pond),  that  collects  and 
stores  stormwater  generated  from  up  slope  areas,  is  located  along  the  northern  edge  of  the  Blue 
Heron-North  area.  In  addition,  numerous  swales  were  observed  on  undisturbed  up  slope  areas 
adjacent  to  the  Blue  Heron  Spoil  that  may  convey  overland  runoff  from  adjacent  up  slope  areas 
permitting  infiltration  into  the  mine  spoil  where  the  uncontaminated  water  can  react  with  the 
acid-forming  minerals  of  the  mine  spoil  and  contribute  to  the  discharges  at  the  Blue  Heron  Spoil 
site. 

5.1  Remediation  Recommendations 

The  possible  remediation  methods  available  for  resolving  the  water  quality  impacts  on  the 
Big  South  Fork  River  associated  with  the  Blue  Heron  Spoil  are  limited  to  site  reclamation  and 
water  source  control  activities.  The  location  of  the  discharges  on  the  stream  banks  of  the  river 
and  below  the  high  river  stage  elevation  prohibit  treatment  and/or  collection  of  the  discharge  (for 
treatment  at  another  area).  The  identified  site  reclamation  and  water  source  control  BMPs  for  the 
Blue  Heron  discharges  include  one  or  several  of  the  following: 

•  Removal  of  the  acid-producing  materials  through  excavation  and  disposal  of  mine 
spoil  from  the  site;  and 

•  Regrading  and  revegetation  of  mine  spoil  areas  (or  the  site  after  the  acid- 
producing  materials  have  been  removed); 

•  Placement  of  a  dry  (e.g.,  geomembrane,  fly  ash,  clay  and/or  soil)  cover  on  top  of 
the  mine  spoil; 

•  Elimination  and  diversion  of  surface  water,  the  spring  and  pond,  from  the  mine 
spoil; 

•  Construction  of  stormwater  interceptor  channels  to  collect  and  divert  runoff  from 
the  mine  spoil;  and 

•  Installation  of  a  vertical  barrier  (e.g.,  injected  grout)  along  the  exposed  face  of  the 
mine  spoil. 
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Because  of  the  complexity  of  the  Blue  Heron  site  one  or  many  of  the  above  identified 
alternatives  could  be  used  singly  or  in  conjunction  with  one  another.  As  a  result  a  different 
approach  was  undertaken  in  development  of  a  conceptual  design(s)  for  the  Blue  Heron  site.  The 
possible  alternatives,  called  actions,  were  individually  evaluated  creating  a  list  of  possible 
options  and  there  likely  effects  at  reducing  pollutant  loading  from  the  site  through  either 
decreases  in  acid  production  and/or  flow. 

5.1.1  Action  1  -  Removal  of  Spoil 

Removal  of  the  spoil  from  the  Blue  Heron  site  was  identified  as  an  alternative  by  the 
Steering  Committee.  This  option  would  involve:  excavation  of  all  mine  spoil  from  the  site, 
down  to  pre-mining  grades;  regrading  and  revegetation  of  the  Blue  Heron  site  once  the  spoil  has 
been  removed;  and  regrading,  dry  cover  placement  (geomembrane  liner),  and  revegetation  of  the 
identified  disposal  site.  The  disposal  site  identified  by  the  Committee  is  a  30  acre  abandoned 
surface  mine  located  within  60  miles  of  the  Blue  Heron  site. 

Removal  of  the  spoil  from  the  Blue  Heron  site  would  involve  excavation  and  hauling  of 
the  spoil  in  methods  similar  to  surface  mining  or  gravel  excavation.  The  volume  of  the  material 
to  be  excavated  is  approximately  600,000  cubic  yards;  based  on  the  total  surface  area  of  1 7  acres 
for  the  Blue  Heron  site  and  an  estimated  average  spoil  depth  of  25  ft,  estimated  from  spoil  height 
adjacent  to  the  Big  South  Fork  River  and  surrounding  topography.  The  project  will  also  incur 
costs  associated  with,  construction  of  a  roadway  to  the  Blue  Heron  site,  clearing  and  grubbing  of 
the  Blue  Heron  and  disposal  sites,  revegetation  of  the  Blue  Heron  site,  regrading  and  revegetation 
of  the  disposal  site,  placement  of  a  dry  cover  at  the  disposal  site  and  placement  of  a  soil  cover  on 
the  disposal  site  (and  possibly  on  the  Blue  Heron  site). 

The  preliminary  total  cost  estimates  for  the  spoil  removal  action  are  $3.6  million  dollars 
and  the  breakdown  of  the  costs  are  summarized  in  Table  18.  As  can  be  seen  the  majority  of  the 
costs  for  this  action  are  associated  with  excavation  and  hauling  of  the  spoil.  Other  significant 
contributions  to  the  cost  estimate  are  the  geomembrane  and  soil  cover  for  the  disposal  site  to 
prohibit  oxygen  and  water  infiltration  into  the  spoil  which  would  produce  CMD.  The  cost 
estimate  did  not  consider  temporary  and/or  permanent  treatment  of  leachate  that  may  be 
produced  from  the  disposal  site  during  and  after  construction. 

5.1.2  Action  2  -  Partial  Regrading  and  Revegetation 

This  action  is  for  the  Blue  Heron  site  only  and  considers  only  partial  site  activities  where 
required  by  the  site  conditions.  The  lack  of  a  herbaceous  cover  in  the  Pine  Plantings  along  with 
erosion  gullies  indicates  that  regrading  and  revegetation  to  eliminate  barren  spoil  will  be 
beneficial  in  reducing  discharge  flow  by  lowering  infiltration  of  water  and  oxygen  into  the  spoil, 
increasing  water  retention  in  the  soil  layer,  increasing  evapotranspiration,  and  lowering 
decreasing  the  oxidation  of  pyrite  by  lowering  oxygen  and  spoil  temperatures.  Robertson  and 
Barton-Bridges  (1990)  indicate  that  a  1 14  and  3  ft  soil  cover  would  lower  acid  generation  by 
approximately  30  and  50  percent,  primarily  through  lower  infiltration  of  water  into  the  spoil. 
Reclamation  of  Blue  Heron-North  and  -South  would  require  additional  evaluation  to  characterize 
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the  conditions  of  the  soil,  however,  extensive  reclamation  does  not  appear  to  be  warranted 
because  of  previous  actions  that  have  resulted  in  a  well  established  herbaceous  layer  on  the  sites. 
Addition  of  alkaline  materials  to  the  soils  on  Blue  Heron-North  and  -South  may  be  beneficial, 
particularly  if  soil  analysis  indicates  acid  conditions,  and  would  provide  a  source  of  buffering  to 
infiltrating  waters. 

Reclamation  at  the  Blue  Heron-Pine  Plantings  area  would  require  clearing  and  grubbing 
of  existing  vegetation  which  could  be  mulched  and  incorporated  into  the  soil  cover.  Regrading 
would  involve  earthmoving  of  existing  spoil  to  obtain  a  stable  slope  that  minimizes  erosion  while 
inhibiting  infiltration  and  standing  water.  A  1  Yz  ft  soil  cover  would  be  placed  on  top  of  the 
regraded  site  which  could  be  developed  from  low  cost  materials  such  as  fly  ash  and/or  waste 
organics  (e.g.,  paper  mill,  vegetable  tanning  and  municipal  wastewater  stabilized  sludge).  The 
site  would  be  seeded  with  a  grass  and  herbaceous  seed  mix  to  permit  rapid  revegetation,  thereby, 
stabilizing  slopes  and  minimizing  erosion  losses.  Agricultural  fertilizers  and  limestone  should  be 
applied  during  seeding  and  periodically  after  reclamation  to  maintain  an  adequate  vegetative 
cover.  The  alkaline  material  could  also  be  beneficial  in  buffering  infiltrating  water  which  would 
slow  the  acid-producing  reactions  and  neutralizing  acidity  that  is  produced. 

The  costs  for  this  action  are  summarized  in  Table  19  with  a  preliminary  total  cost 
estimate  of  $160,000.  Placing  a  soil  cover  on  the  Blue  Heron-Pine  Planting  area  was  the  highest 
cost  item  associated  with  this  action 

5.1.3  Action  3  -  Dry  Cover  Placement 

This  action  involves  placement  of  a  geomembrane  liner  on  top  of  the  spoil  throughout  the 
Blue  Heron  site.  Placement  of  the  liner  would  minimize  the  vertical  infiltration  of  water  and 
oxygen  into  the  mine  spoil,  but  would  not  effect  lateral  groundwater  and  oxygen  transport 
through  the  spoil.  The  effectiveness  and  long  term  integrity  of  a  liner  on  slopes  subject  to  high 
floodwater  and  erosional  forces  along  the  banks  of  the  Big  South  Fork  River  would  have  to  be 
evaluated. 

Liner  installation  will  require  a  soil  cover,  to  be  placed  on  top  of  the  liner,  to  protect  the 
liner  from  environmental  forces  (e.g.,  UV  breakdown)  and  prevent  tearing  and  punctures  of  the 
exposed  liner.  A  soil  cover  depth  of  3  ft  is  recommended  to  ensure  the  liner  remains  covered 
over  the  entire  site.  The  slope  of  the  spoil  adjacent  to  the  Big  South  Fork  River  may  prohibit 
installation  of  a  liner,  as  well  as  the  liner  may  eventually  become  exposed  and  destroyed  along 
this  highly  unstable  slope.  In  addition,  liner  installation  will  not  lower  CMD  produced  from 
lateral  transport  of  river  water  into  the  spoil  during  high  flow  events  or  groundwater  flow  to  the 
spoils.  The  action  will  also  require  clearing  and  grubbing,  regrading  and  revegetation  of  the  Blue 
Heron  Site. 

The  costs  for  this  action  are  summarized  in  Table  20  with  a  preliminary  total  cost 
estimate  of  $  1 .4  million.  The  geomembrane  liner  and  soil  cover  account  for  over  $  1  million  of 
the  total  estimate  for  this  action  on  the  Blue  Heron  site. 
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5.1.4  Action  4  -  Removal  and  Diversion  of  Surface  Water 

The  presence  of  water  (i.e.,  spring  and  pond)  in  close  proximity  and  on  the  spoil  may 
contribute  water  to  the  acid-producing  spoil.  The  close  proximity  of  the  surface  pond  to  the  Blue 
Heron-North  discharge  suggests  this  activity  may  be  beneficial.  In  addition,  the  qualitative 
observation  of  decreasing  flow  in  the  constructed  channel  along  the  edge  of  the  Pine  Plantings 
suggest  construction  of  a  lined  channel  may  reduce  the  CMD  flow  associated  with  several  of  the 
discharges  from  the  Pine  Plantings  and  Blue  Heron-South.  The  Blue  Heron  site  also  lacks  control 
of  surface  runoff  that  may  enter  the  site  from  up  slope  undisturbed  areas  and  infiltrate  into  the 
spoil,  adding  to  the  volume  of  CMD  produced  by  the  site.  Measures  to  control  the  infiltration  of 
uncontaminated  water  into  the  Blue  Heron  Spoil  through  may  help  reduce  the  volume  of  CMD 
produced  by  the  site.  The  effectiveness  types  of  measures  are  dependent  on  the  volumes  of  water 
infiltrating  into  the  spoil,  currently  unknown,  but  surface  water  control  measure  have 
successfully  reduced  CMD  production  at  other  sites  from  1 0  to  1 00  percent. 

This  action  would  require  three  separate  control  measures  including:  1)  filling  the  pond  in 
the  Blue  Heron-North  area;  2)  construction  of  a  lined  conveyance  channel  to  transport  the 
uncontaminated  spring  located  along  the  edge  of  the  Blue  Heron-South  and  Pine  Plantings  area 
to  the  Big  South  Fork  River;  and  3)  construction  of  interceptor  channels  at  the  edge  of  the  spoil, 
along  the  steeply-sloped  undisturbed  areas,  to  capture  surface  runoff  and  convey  it  away  from  the 
spoil  and  down  slope  to  the  Big  South  Fork  River.  The  pond  would  be  filled  with  alkalinity 
generating  materials  and  a  top  soil  cover. 

The  costs  for  this  action  are  summarized  in  Table  2 1  with  a  preliminary  total  cost 
estimate  of  $106,000.  The  construction  of  the  two  channels  constitute  over  60  percent  of  the 
total  estimate  for  this  action  on  the  Blue  Heron  site. 

5.1.5  Action  5  -  Installation  of  Vertical  Barrier 

The  open  spoil  along  the  Big  South  Fork  River  may  permit  infiltration  of  uncontaminated 
water  from  the  river,  during  flood  conditions,  into  the  spoil  where  it  may  be  substantially 
degraded  upon  contact  with  acid-bearing  rock  material.  The  open  face  is  likely  a  major 
contributor  of  oxygen,  a  necessary  agent  in  the  oxidation  of  pyrite,  to  the  spoil  resulting  in  the 
production  of  CMD  and  may  also  contribute  to  higher  spoil  temperatures  (and  pyrite  oxidation 
rates)  by  allowing  cooler  ground  temperatures  to  escape  from  the  spoil.  Formation  of  a  vertical 
barrier  along  this  face  using  an  impermeable  blanket,  permeation  grouting  or  cut-off  wall  (see 
Figures  1 5  through  1 7)  may  provide  substantial  reduction  in  CMD  production.  The  impermeable 
blanket  was  not  considered  as  an  alternative  for  the  Blue  Heron  Site  because  of  the  erosional 
forces  of  the  Big  South  Fork  River  which  could  expose  and  destroy  this  type  of  barrier. 

The  vertical  barrier  would  have  a  lower  permeability  than  existing  spoil  conditions, 
thereby  inhibiting  water  from  the  Big  South  Fork  River  from  infiltrating  into  the  spoil.  The 
vertical  barrier  could  also  decrease  water  movement  from  the  spoil  and  increase  saturated 
conditions  in  the  spoil,  thereby  decreasing  the  oxidation  of  pyrite  in  the  spoil  and  CMD 
production.  The  alkaline  nature  of  the  grout,  used  in  permeation  grouting,  could  also  neutralize 
acidity  in  CMD  that  contacts  it. 
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In  permeation  grouting  the  spoil  face  would  be  drilled  to  develop  a  line  of  bore  holes  at 
regular  intervals  (10  to  20  ft)  along  the  face  of  the  spoil.  Each  bore  hole  would  be  injected  with  a 
liquid  grout,  to  permit  the  material  to  fill  the  voids  in  the  spoil,  that  is  comprised  of  fly-ash, 
concrete,  water  and  solidifying  agents.  The  number  of  wells  required  to  develop  the  vertical 
barrier  will  likely  range  between  80  and  120  with  an  average  depth  of  50  ft.  The  expected  width 
of  the  vertical  barrier  would  be  approximately  5  to  10  feet.  The  costs  for  the  permeation  grouting 
vertical  barrier  is  summarized  in  Table  22  with  a  preliminary  total  cost  estimate  of  $546,000. 
The  costs  are  evenly  distributed  across  well  drilling,  grout  material  and  injection. 

The  cut-off  wall  is  another  vertical  barrier  developed  along  the  face  of  the  spoil  to  depth 
of  less  than  50  feet.    The  cut-off  wall  is  developed  by  excavating  a  trench  in  the  spoil  and 
placing  a  material,  e.g.,  cement-bentonite  slurry,  into  the  excavated  trench.  The  material  would 
solidify  in  the  trench  forming  a  near  impervious  barrier.  The  width  of  cut-off  walls  vary  between 
5  and  1 0  feet.  The  costs  for  the  cut-off  wall  barrier  is  summarized  in  Table  23  with  a  preliminary 
total  cost  estimate  of  $458,500.  The  costs  are  evenly  distributed  across  excavation  and  slurry 
material. 

5.1.6  Action  6  -  Groundwater  Control 

The  contact  of  the  spoil  with  bedrock  along  the  up  slope  areas  may  result  in  lateral 
movement  of  uncontaminated  groundwater  into  the  spoil  where  it  may  be  substantially  degraded 
upon  contact  with  acid-bearing  rock  material.  Isotope  analysis  conducted  during  Phase  II 
attributed  a  substantial  amount  of  discharge  flow  to  groundwater;  however,  the  isotope  analysis 
could  not  differentiate  between  up  slope  springs  (groundwater)  that  infiltrate  into  the  spoil  and 
lateral  subsurface  groundwater  infiltration  into  the  spoil.  The  presence  of  several  up  slope  springs 
conveyed  to  or  adjacent  to  the  spoil  suggests  that  the  former  may  be  a  significant  portion  of  this 
groundwater  contribution  which  can  be  addressed  employing  Action  4  (section  5.1.4). 
Minimizing  the  lateral  groundwater  infiltration  to  prevent  formation  of  CMD  production  will 
require  installation  of  an  up  gradient  groundwater  interception  control  measure.  Several 
approaches  include  groundwater  pumping  or  a  vertical  barrier,  similar  to  the  barrier  walls 
described  in  section  5.1.5. 

The  groundwater  pumping  alternative  would  require  installation  of  approximately  20 
wells  that  would  be  continuously  pumped  at  low  rates  (e.g.,  1  gpm).  The  pumped  groundwater 
would  be  conveyed  away  from  spoil  in  a  conveyance  channel  to  the  Big  South  Fork  River  or  to  a 
passive  treatment  system  if  water  is  CMD  contaminated.  This  alternative  would  cost 
approximately  $600,000  to  drill  wells  and  construct  the  conveyance  channel;  additional  costs 
would  be  incurred  if  treatment  is  required.  Annual  operation  costs  would  include  well 
maintenance  and  electricity;  the  electricity  requirement  may  prohibit  implementation  of  this 
alternative. 

The  vertical  barrier  would  have  a  lower  permeability  than  existing  spoil  conditions, 
thereby  inhibiting  groundwater  from  infiltrating  into  the  spoil.  Groundwater  impounded  behind 
the  barrier  would  likely  be  discharged  through  outlets  adjacent  to  the  spoil.  Permeation  grouting 
of  the  bedrock  or  installation  of  a  cut-off  wall,  depicted  in  Figure  16  and  17,  are  options  for 
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development  of  a  vertical  barrier;  the  cut-off  wall  may  be  limited  because  of  depths  required. 
Installation  and  costs  would  be  similar  to  the  vertical  barriers  discussed  in  section  5.1.5. 

5.2  Conceptual  Design 

The  recommended  remediation  measures  for  the  Blue  Heron  site  include  regrading  and 
revegetation  of  the  Pine  Plantings  area,  diversion  and  control  of  surface  and  groundwater  inputs 
and  development  of  a  vertical  barrier.  These  actions  will  likely  reduce  CMD  production  by  the 
Blue  Heron  site  by  60  to  80  percent  for  a  total  cost  estimate  of  $699,400.  The  first  two  may  be 
completed  initially  and  evaluated  to  determine  whether  the  vertical  barrier  is  warranted.  In 
addition,  groundwater  interception  measures  may  be  implemented  if  the  above  actions  have 
limited  success.  More  aggressive  actions  including  spoil  removal,  and  dry  cover  placement  do 
not  appear  to  be  warranted  because  of  the  high  cost  to  achieve  additional  CMD  decreases  over 
the  recommended  actions;  the  additional  20  to  40  percent  would  require  additional  expenditures 
in  excess  of  $3  million. 

The  conceptual  design  for  the  Blue  Heron  site  is  depicted  in  Figure  18  and  includes  Pine 
Plantings  regrading  and  revegetation,  removal  of  the  Blue  Heron-North  surface  pond, 
construction  of  a  lined  conveyance  channel,  and  construction  of  stormwater  interceptor  channels. 
A  vertical,  grout  barrier  is  also  depicted  on  Figure  1 8  and  has  been  included  as  an  additional 
remediation  alternative. 

5.3  Anticipated  Water  Quality 

It  is  anticipated  that  the  remediation  methods  will  effect  the  Blue  Heron  CMD  discharges 
by  lowering  their  volume  and  strength.  However,  remediation  methods  success  are  highly 
variable  and  difficult  to  quantify. 

The  recommended  removal  and  diversion  of  surface  water  could  lower  CMD  discharge 
volumes  by  10  to  25  percent,  if  up  slope  springs  are  a  major  source  of  groundwater  recharge  to 
the  spoil.  The  recommended  remediation  methods  for  the  Pine  Plantings  area  should  lower  the 
CMD  discharges  from  this  area  by  between  50  and  70  percent  which  equates  to  a  20  to  40 
percent  reduction  in  flow  from  the  Blue  Heron  site,  based  on  the  Pine  Plantings  comprising  20 
percent  of  the  site.  Lowering  CMD  volumes  should  reduce  CMD  loading  to  the  Big  South  Fork 
River. 

Application  of  limestone  to  the  sites  will  provide  alkalinity  to  lessen  the  rate  of  CMD 
production  and  neutralize  CMD  produced  with  an  assumed  long  term  CMD  concentration 
reduction  of  1 0  to  20  percent;  long  term  effectiveness  may  require  periodic  application  of 
limestone.  Construction  of  a  vertical  barrier  to  prevent  river  water  infiltration,  reduce  oxygen 
infiltration,  elevate  the  water  table  in  the  spoil,  and  lower  spoil  temperatures  should  effect  both 
CMD  strength  and  flow.  It  is  anticipated  this  remediation  could  decrease  the  CMD  strength  by 
between  30  and  50  percent,  similar  to  the  difference  observed  between  warm  and  cold  season 
discharge  chemistry  (see  Tables  1 5  and  1 7).  Based  on  the  seasonal  differences  of  chromium  and 
lead,  the  remediation  could  lower  concentrations  to  below  detection  limits  and  copper  and  zinc 
concentrations  could  be  lowered  by  approximately  60  to  90  percent. 
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Based  on  the  above  evaluation  the  recommended  remediation  and  control  measures  for 
the  Blue  Heron  site  could  lower  acidity  loading  from  the  Blue  Heron  Spoil  by  an  estimated  50  to 
90  percent  and  trace  metal  loading  decreases  could  approach  1 00  percent,  depending  on  the 
specific  trace  metal.  Evaluating  performance  of  remediation  based  on  water  quality  monitoring 
results  may  not  be  permissible  because  one  or  more  of  the  proposed  actions  described  may 
change  flow  patterns  and  eliminate  some  discharges  while  creating  new  discharge  points.  In 
addition,  the  variability  in  water  quality  data  from  the  monitoring  studies  was  considerable  (for 
example:  acidity  varied  from  340  to  5000  mg/L  at  SSPII  BH02)  and  may  mask  actual  beneficial 
improvements. 

The  types  of  discharges  and  improvements  associated  with  the  proposed  actions  also 
effect  evaluation  of  compliance  with  the  water  quality  benchmarks.  Upstream  and  downstream 
samples  in  the  Big  South  Fork  indicate  the  presence  of  several  trace  metals  at  levels  exceeding 
the  AWQC  and  EC20  benchmarks.  Based  on  the  above  evaluation,  the  proposed  remediation 
actions  will  lower  the  impacts  of  the  Blue  Heron  Site  on  the  Big  South  Fork  River  water  quality 
possibly  decreasing  presently  measured  concentrations  incrementally  closer  to  instream 
compliance  with  AWQC  and  EC20  benchmarks. 
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6.0  THREE  WEST  HOLLOW 


Three  West  Hollow  is  a  tributary  to  the 
Big  South  Fork  River  located  on  the  western 
side  of  the  watershed  in  the  vicinity  of  Blue 
Heron  (see  Figure  3).  Mine  drainage  enters 
Three  West  Hollow  in  diffuse  discharges  from 
mine  spoil  located  on  the  slopes,  approximately 
54  mile  up  the  stream,  and  from  collapsed  mine 
portals  (Mine  #45,  46  and  47)  located  about  50 
feet  on  the  side  slope  near  the  flood  plain  of  the 
river  (see  Figure  19).  At  normal  flows  Three 
West  Hollow  Creek  flows  subsurface,  through 
mine  spoil  deposited  in  the  stream  channel,  for 
several  thousand  feet  before  emerging  in  the 
floodplain  of  the  Big  South  Fork  River  (see 
Plate  8). 

Water  quality  data  collected  at  the  mouth 
of  Three  West  Hollow,  station  number  SSPII 
TWH01,  from  the  Phase  I  and  II  monitoring 
program  are  summarized  in  Table  24. 
Monitored  pH  varied  from  4.7  to  6.0,  contained 
both  non-detectable  levels  of  alkalinity  (less 
than  20  mg/L)  and  acidity  (less  than  20  mg/L). 
Reported  iron,  aluminum  and  manganese 
concentrations  were  all  well  less  than  1  mg/L. 
Zinc  was  the  only  trace  metal  repeatedly 
detected  at  the  Three  West  Hollow  monitoring 

point,  but  a  concentrations  less  than  0.025  mg/L.  Copper  was  the  only  other  trace  metal 
measured,  but  only  on  three  occasions  and  at  concentrations  near  analytical  detection  limits 


Plate  8.  Three  West  Hollow  and  CMD 
discharge  emanating  from  spoil. 


6.1  Remediation  Recommendations 

The  remediation  methods  available  for  mitigating  the  water  quality  impacts  on  the  Big 
South  Fork  River  associated  with  the  Three  West  Hollow  CMD  discharges  include  both  site 
remediation  and  treatment  BMPs.  The  multiple  discharges  from  mine  spoil  well  up  in  the  Three 
West  Hollow  watershed  would  make  site  remediation  and  treatment  of  individual  discharges 
costly  and  difficult,  due  to  the  limited  accessibility  to  this  area.  In  addition,  site  remediation  may 
only  have  limited  success  in  reducing  CMD  flow  and/or  strength.  Therefore,  treatment  and  site 
remediation  BMPs  identified  for  the  Three  West  Hollow  are  for  the  stream  and  CMD  discharge 
in  close  proximity  to  the  river's  floodplain.  The  identified  BMPs  include: 
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•  Reduction  of  CMD  production  by  construction  of  a  stable  lined  stream  channel  to 
minimize  infiltration  of  the  stream  into  the  mine  spoil; 

•  Instream  treatment  of  Three  West  Hollow  using  active  treatment  systems  (e.g., 
chemical  dosers); 

•  Instream  treatment  of  Three  West  Hollow  using  passive  treatment  systems  (e.g., 
limestone  sand  dosing); 

•  Treatment  of  the  lower  discharges  (i.e.,  Mine  #s  45,  46  and  47)  using  active 
treatment  systems  (e.g.,  chemical  doser); 

•  Treatment  of  the  lower  discharges  (i.e.,  Mine  #s  45,  46  and  47)  using  passive 
wetland  treatment  systems  (e.g.,  vertical  flow  wetlands); 

Operation  and  maintenance  limitations  of  instream  active  treatment  were  discussed  for 
the  Laurel  Branch  Creek.  The  absence  of  year  round  access  is  the  major  factor  that  eliminates  the 
use  of  a  passive  hydraulic  systems  in  Three  West  Hollow;  rotary-drums  and  diversion  wells 
require  periodic  limestone  replenishment  to  maintain  treatment.  Based  on  the  access  limitations, 
instream  active  treatments  are  not  recommended  as  remediation  methods  for  the  Three  West 
Hollow.  Two  of  the  other  alternatives,  instream  passive  treatment  employing  a  periodic 
limestone  sand  application  and  active  treatment  of  the  stream  and  discharge  would  also  be 
prohibited  because  of  remoteness  of  this  location. 

Passive  wetland  treatment  has  been  found  to  successfully  treat  CMD,  however  the  high 
pH  (greater  than  6),  absence  of  acidity  and  low  metals  (less  than  1  mg/L  total  iron)  of  the 
discharges  in  the  lower  area  (Mine  #s  45,  46,  and  47),  as  indicated  by  station  number  SSP46, 
suggest  that  passive  treatment  would  be  of  little  value.  In  addition,  passive  wetland  treatment  is 
not  recommended  for  co-mingled  CMD  discharge  flow  and  stream  flow  because  the  stream  flow 
variability  could  jeopardize  the  treatment  effectiveness  of  a  passive  wetland  treatment  system. 
Therefore,  passive  wetland  treatment  is  not  recommended  for  Three  West  Hollow. 

Based  on  similarity  of  water  samples  collected  during  the  Phase  I  study  at  an  upstream 
location  (SSP5001)  and  the  downstream  location  (SSPTWH) ,  presented  in  Table  25,  preventing 
the  stream  from  entering  the  spoil  would  not  have  a  substantial  effect  on  improving  water 
quality;  may  only  lower  than  amount  of  dissolved  solids  in  the  water.  However,  a  lined  stream 
channel  containing  limestone  may  be  beneficial  in  improving  water  quality  by  neutralizing  the 
pH  acidity  and  precipitating  metals  present  in  the  stream  flow.  This  remediation  technique 
involves  construction  of  a  new  stream  channel  that  contains  an  impervious  synthetic  (e.g., 
LLDPE)  or  geo-synthetic  liner  and  limestone  rock.  The  impervious  liner  will  prohibit  stream 
water  from  infiltrating  into  the  mine  spoil  and  permit  the  low  pH  stream  water  to  contact  the 
limestone  (CaC03),  thereby  providing  neutralization  of  the  low  pH  and  metals  present  in  the 
stream  water.  Armoring  of  the  limestone  is  not  of  concern  because  of  the  low  metal 
concentrations  in  Three  West  Hollow.  Studies  by  Ziemkiewicz  et  al.  (1994)  of  open  limestone 
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channels  indicate  the  limestone  in  the  channels  would  continue  to  provide  neutralization  after 
armoring. 

6.2  Conceptual  Design 

Based  on  the  above  evaluation,  the  only  alternative  suitable  to  address  the  Three  West 
Hollow  site  CMD  discharge  in  the  BSFNRRA  is  construction  of  a  lined  channel  on  top  of  the 
mine  spoil.  This  remedial  actions  will  be  evaluated  for  cost  and  treatment  effectiveness  (with 
respect  to  the  water  quality  objectives). 

The  conceptual  design  for  the  constructed  lined  channel  is  depicted  in  Figure  20.  As 
indicated  in  this  plan  view  the  channel  would  be  located  across  the  existing  mine  spoil  which  is 
approximately  1 000  feet  in  length.  This  construction  will  likely  require  removal  of  a  small 
amount  of  mine  spoil  to  grade  a  channel  with  a  stable  slope.  A  typical  cross-section  of  a  lined 
channel  was  depicted  in  Figure  6.  The  liner  costed  for  this  conceptual  design  is  a  linear  low 
density  polyethylene  (LLDPE)  material  with  a  thickness  of  40  mm  with  a  geotextile  fabric  placed 
on  top  and  on  the  subgrade.  The  liner  will  be  anchored  into  the  subgrade  on  each  side  of  the 
channel  as  well  as  the  upstream  and  downstream  ends.  Limestone  will  be  placed  in  the  channel 
to  provide  roughness  and  stability.  The  limestone  will  also  provide  alkalinity  to  the  contact 
water,  aiding  in  neutralizing  acidity  and  precipitating  metals  in  the  stream  water  from  upstream 
CMD  discharges. 

6.3  Preliminary  Construction  Costs 

Construction  costs  for  this  remediation  will  include:  mobilization  and  demobilization; 
diversion  of  water  during  construction;  clearing  and  grubbing;  grading  of  stream  channel; 
disposal  of  excess  mine  spoil  (if  off-site);  materials  including  LLDPE  liner,  geotextile  fabric  and 
limestone;  installation  of  the  LLDPE  liner,  geotextile  and  limestone,  seeding,  and  erosion  and 
sedimentation  control  measures.  The  total  construction  cost  for  the  Three  West  Hollow  Project, 
summarized  in  Table  26,  is  estimated  to  be  $109,100,  based  engineering  estimates  from  several 
recent  projects.  No  cost  estimates  are  provided  for  removal  and  disposal  of  mine  spoil  since  the 
data  in  Table  25  indicate  the  spoil  does  not  negatively  impact  the  water  quality  in  Three  West 
Hollow;  therefore,  does  not  pose  a  toxicity  risk  to  the  Big  South  Fork  River. 

6.4  Anticipated  Water  Quality 

The  lined  stream  channel  will  eliminate  contact  of  the  Three  West  Hollow  stream  with 
mine  spoil  which  will  decrease  acid  production  from  this  spoil.  Data  in  Table  25  indicates 
eliminating  contact  will  have  a  nominal  improvement  on  water  quality.  However,  the  limestone 
in  the  lined  channel  will  also  neutralize  acidity  from  CMD,  raise  the  pH  of  the  water  to  greater 
than  6,  and  maintain  aluminum  concentrations  at  less  than  0.1  mg/L.  Effects  of  the  remediation 
on  trace  metal  concentrations  is  uncertain  because  trace  metals  were  not  detected  in  the 
discharge,  except  zinc  which  was  typically  found  at  concentrations  less  than  0.020  mg/L. 
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However,  increases  in  pH  from  the  limestone  channel  and  precipitation  of  iron  and  aluminum 
could  aid  in  precipitating  trace  metals. 

Based  on  the  potential  performance  of  the  proposed  remediation  approach  for  the  Three 
West  Hollow  CMD  discharge,  the  effluent  from  the  lined  channel  could  comply  with  all  the 
AWQC  benchmarks,  except  possibly  for  pH.  A  number  of  the  parameters  including  zinc  could 
also  comply  with  the  EC20  benchmarks.  However,  parameters  including  copper  and  iron  are  not 
likely  to  be  lowered  to  concentrations  below  EC20  benchmarks.  In  addition,  a  number  of 
parameters  (e.g.,  cadmium)  can  not  be  effectively  evaluated  because  the  benchmarks  are  less  than 
quantifiable  concentrations. 
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Plate  9.  CMD  impacted  Blair  Creek  near  its  confluence 
with  the  Big  South  Fork  River. 


7.0  BLAIR  CREEK 

Blair  Creek  (see  Plate  9) 
is  a  tributary  to  the  Big  South 
Fork  River  located  on  the  eastern 
side  of  the  watershed  in  the 
southern  (upstream)  portion  of 
the  BSFNRRA  CMD  study  area 
(see  Figure  3).  Mine  drainage  in 
the  Blair  Creek  watershed  is  from 
spoil  and  deep  mine  areas  located 
approximately  XA  mile  upstream 
from  the  stream's  confluence 
with  the  river.  The  mine 
drainage  enters  Blair  Creek  at 
this  location  and  is  conveyed  by 
the  stream  channel  through  a 
densely  forested,  narrow  gorge. 
Blair  Creek  contains  some 

brownish-orange  colored  iron  oxide  deposits  characteristic  of  an  acidic  discharge.  Site 
conditions  near  the  confluence  of  Blair  Creek  and  the  Big  South  Fork  River  is  depicted  in  Figure 
21. 

Water  quality  data  collected  at  the  mouth  of  Blair  Creek,  station  number  SSPII  BLC01, 
from  the  Phase  I  and  II  monitoring  program  are  summarized  in  Table  27.  Monitored  pH  varied 
from  3  to  5.5  and  contained  acidity  ranging  from  less  than  detection  to  170  mg/L.    Both  pH  and 
acidity  are  related  to  stream  flow  with  lowest  pHs  and  highest  acidities  occurring  during  low 
flows  (similar  to  Laurel  Branch).  Aluminum,  iron  and  manganese  concentrations  appear  to  be 
related  to  discharge  flow  as  well,  with  higher  concentrations  occurring  at  lower  flows;  reported 
aluminum,  iron  and  manganese  concentrations  exceeded  8  mg/L,  20  mg/L  and  3  mg/L  at  the 
lowest  flow,  respectively.  The  trace  metal  zinc  was  detected  in  all  samples  collected  at  the  Blair 
Creek  location  with  maximum  reported  concentrations  of  0.1 1  mg/L  occurring  during  low  flows. 
Copper  was  also  detected  in  several  samples  at  concentrations  well  above  analytical  detection 
limits.  Chromium  was  detected  in  several  samples  but  at  concentrations  near  the  analytical 
detection  limits. 

7.1  Remediation  Recommendations 

The  remediation  methods  available  for  mitigating  the  water  quality  impacts  on  the  Big 
South  Fork  River  associated  with  the  Blair  Creek  discharge  are  limited  to  treatment  BMPs.  The 
diffuse  and  multi-point  and  the  remoteness  of  the  discharges  in  the  Blair  Creek  watershed  would 
likely  make  site  remediation  methods  very  costly  and  may  not  successfully  reduce  CMD  flow 
and/or  strength.  The  treatment  BMPs  identified  for  the  Blair  Creek  discharges  include: 
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•  Instream  treatment  of  Blair  Creek  using  active  treatment  systems  (e.g.,  chemical 
dosers); 

•  Instream  treatment  of  Blair  Creek  using  passive  treatment  systems  (e.g.,  limestone 
sand  dosing); 

•  Treatment  of  the  multi-point  discharges  using  active  treatment  systems  (e.g., 
chemical  doser); 

•  Treatment  of  the  multi-point  discharges  using  passive  wetland  treatment  systems 
(e.g.,  vertical  flow  wetlands); 

Operation  and  maintenance  limitations  of  instream  active  treatment  were  discussed  for 
the  Laurel  Branch  Creek.  The  Blair  Creek  flow  is  also  adequate  to  support  use  of  a  passive 
hydraulic  systems  such  as  diversion  wells  and  rotary-drum  systems,  exceeding  the  0.1  cfs 
minimum  (Zurbuch  et  al.  1996).  Instream  active  treatment  will  precipitate  metals  (primarily  iron 
and  aluminum)  in  the  stream  where  the  solids  can  accumulate  in  the  substrate  and  potentially 
impact  benthic  habitat.  Trace  metals  (e.g.,  chromium,  copper  and  zinc)  in  the  CMD  may  be  co- 
precipitated  with  iron  and  aluminum  or  remain  in  solution  where  they  may  remain  potentially 
toxic  to  fish  and  benthic  macroinvertebrates.  The  short  distance  from  the  discharge  location  to 
the  Big  South  Fork  River  suggests  the  metal  precipitation  would  likely  occur  within  the  river 
potentially  impacting  water  quality,  benthic  habitat,  and  aesthetics.  In  addition,  the  remoteness 
of  the  Blair  Creek  site  would  limit  access  for  replenishing  limestone  making  continuous 
treatment  highly  unpredictable.  Therefore,  instream  active  treatment  is  not  recommended  as  a 
remediation  methods  for  the  Blair  Creek. 

Active  and  passive  treatment  are  typically  viable  alternatives  for  individual  discharges. 
The  Blair  Creek  discharges  are  located  greater  than  2000  ft  away  from  the  nearest  access  point 
and  down  a  steeply  sloped  (greater  than  1 0  percent)  gorge.  Therefore,  the  remoteness  and 
inaccessibility  to  the  discharge  locations  prohibits  consideration  of  any  treatment  at  the  discharge 
locations. 

Instream  passive  treatment  employing  a  periodic  limestone  sand  application  to  an 
accessible  location  upstream  of  the  Blair  Creek  discharge  points  would  provide  alkalinity  that 
would  neutralize  acidity  in  the  discharges.  The  distance  from  the  discharge  points  to  the  mouth 
of  Blair  Creek  would  permit  the  precipitation  of  metals  (primarily  iron  and  aluminum)  in  the 
Blair  Creek  stream  bed.  Trace  metals  may  also  be  co-precipitated  or  removed  through  natural 
attenuation  processes  in  Blair  creek  ,  if  circumneutral  conditions  are  achieved.  However,  the 
solids  could  be  suspended  during  stormflows  in  Blair  Creek  and  transported  into  the  Big  South 
Fork  River  where  they  may  impact  benthic  communities. 

Passive  wetland  treatment  has  been  found  to  provide  successful  treatment  of  CMD 
characteristic  of  the  degraded  water  quality  found  in  Blair  Creek.  Passive  treatment  is  typically 
not  recommended  to  treat  co-mingled  CMD  because  high  stream  flows  could  jeopardize  the 
treatment  effectiveness  of  a  passive  wetland  treatment  system.  Therefore,  instream  passive 
treatment  is  not  recommended  for  Blair  Creek.  Treatment  of  low  flows  in  Blair  Creek  could  be 
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accomplished  by  collecting  the  Blair  Creek  flow  at  an  upstream  location  and  conveying  it  to  a 
protected  location  away  from  the  stream  channel.  Unfortunately,  the  elevation  of  the  identified 
potential  treatment  area  (see  Figure  21)  along  Blair  Creek  is  greater  than  50  ft  above  the  stream 
channel  and  would  require  stream  diversion  several  thousand  feet  upstream;  not  likely  to  be 
feasible  in  the  very  narrow  and  steep  gorge  found  upstream  in  Blair  Creek. 

7.2  Conceptual  Design 

Based  on  the  above  evaluation,  the  only  feasible  treatment  approach  to  address  the  Blair 
Creek  CMD  discharge  to  the  Big  South  Fork  River  is  upstream  limestone  sand  addition.  This 
addition  would  have  to  be  conducted  on  an  annual  or  semi-annual  basis.  The  location  of  the 
application  should  be  at  a  readily  accessible  bridge  over  Blair  Creek  where  stream  flow  is 
sufficient  to  disperse  the  limestone  sand  in  a  downstream  direction.  A  tentative  location  on  Otter 
Creek  Road,  an  unimproved  dirt  road  off  of  State  Route  742,  has  been  identified. 

The  amount  of  limestone  to  be  applied  to  Blair  Creek  is  based  on  information  from  a 
study  by  Zurbuch  et  al.  (1997)  which  applied  limestone  sand  to  both  acid  deposition  and  CMD 
impacted  streams.  The  study  recommends  an  annual  application  rate  of  two  times  the  acid  load 
for  first  application  and  one  times  the  annual  acid  load  for  subsequent  years.  The 
recommendations  appear  to  assume  1 00  percent  limestone  sand  utilization  with  no  particulate 
transport  or  loss  from  Blair  Creek,  an  overly  optimistic  consideration  particularly  given  high 
velocities  that  are  likely  during  stormflows.  In  addition,  the  calculations  assume  a  high  purity 
limestone  approaching  1 00  percent  CaC03  equivalent  which  may  not  be  available  in  close 
proximity  to  the  project;  an  85  percent  CaC03  equivalent  limestone  was  assumed  for  this  study. 
Therefore,  a  safety  factor  of  50  percent  was  added  to  the  application  rates  to  account  for  this 
potential  loss  which  results  in  a  rate  of  3  times  the  annual  acid  load  during  the  first  year  and  a 
rate  of  1 .5  times  during  subsequent  years. 

The  acidity  and  flow  measured  in  Blair  Creek  during  the  monitoring  studies  were  used  to 
calculate  an  average  annual  acid  load;  additional  flow  and  acidity  measurements  will  be  required 
to  obtain  a  better  estimate  of  the  Blair  Creek  average  acid  load.  The  acidity  loads  estimated  for 
Blair  Creek  ranged  from  22  to  560  lbs/day  with  an  average  of  227  lbs/day.  This  equates  to  an 
average  annual  acid  load  of  42  tons/year  and  will  require  limestone  sand  addition,  using  a  85 
percent  CaC03  limestone,  of  125  tons  for  the  first  year  and  65  tons  for  each  subsequent  year. 

7.3  Preliminary  Construction  Costs 

The  recommended  action  will  require  construction  of  an  access  point,  consisting  of  a 
parking/turn-a-round  area  adjacent  to  Blair  Creek,  and  application  of  the  limestone  sand  to  Blair 
Creek  in  the  first  year  and  an  additional  24  years.  This  will  make  the  costs  of  this  proposed 
action  comparable  to  passive  treatment  system  designs  which  are  based  on  a  25  year  life  span. 

Table  28  summarizes  the  costs  for  the  Blair  Creek  limestone  sand  addition  project  for  a 
25  year  period  which  total  $91,400  in  1997  dollars.  The  majority  of  the  total  project  costs  is 
associated  with  the  limestone  sand,  hauling  and  application  to  the  proposed  Blair  Creek  site.  As 
a  comparison,  construction  cost  estimates  for  a  vertical  flow  wetland  system  are  summarized  in 
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Table  29.  The  total  costs  for  a  wetland  treatment  system  are  $240,000  with  approximately 
$90,000  for  the  temporary  roadway  to  the  site  and  for  construction  of  the  channel  to  convey  Blair 
Creek  to  the  site. 

7.4  Anticipated  Effluent  Quality 

The  limestone  sand  application  project  proposed  for  Blair  Creek  utilizes  upstream 
alkalinity  addition  to  neutralize  acidity  inputs  from  various  CMD  discharges  located  along  the 
stream,  but  at  an  inaccessible  downstream  location.  The  application  of  excess  limestone  sand 
may  also  be  adequate  to  produce  excess  alkalinity  and  pH  greater  than  6  at  the  mouth  of  Blair 
Creek.    It  is  anticipated  that  iron  will  be  oxidized  and  precipitated,  in  the  presence  of  the  excess 
alkalinity,  to  a  soluble  concentration  of  less  than  0.5  mg/L  and  soluble  aluminum  concentrations 
are  expected  to  be  less  than  0.1  mg/L  at  the  mouth  of  Blair  Creek.  Trace  metals  will  be  removed 
through  co-precipitation  with  iron  and  aluminum  and  through  natural  amelioration  in  the  stream 
channel.  However,  the  effectiveness  of  this  treatment  approach  at  lowering  trace  metals, 
particularly  zinc,  is  uncertain  because  no  information  is  available  for  trace  metal  removal  of  this 
technology  and  information  regarding  co-precipitation  and  substrate  absorption  of  trace  metals 
under  aerobic  conditions  is  limited. 

Blair  Creek  water  quality  (see  Table  27)  at  high  flow  (>  5  cfs)  typically  had  pH  greater 
than  5  and  low  trace  metals;  zinc  was  the  only  trace  metal  detected.  If  high  flow  water  quality 
can  be  used  as  an  indicator  of  potential  water  quality  during  low  flow  after  remediation  than  the 
Blair  Creek  CMD  discharge  could  achieve  compliance  with  AWQC  benchmarks  for  all 
parameters.  Compliance  with  EC20  benchmarks  is  likely  for  some  parameters,  but  is  difficult  to 
evaluate  since  the  benchmarks  are  less  than  quantification  levels  for  a  number  of  parameters 
including  copper  and  cadmium. 
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Plate  10.  Mine  #88  CMD  discharge  and  mine  entry  on 
the  side  slope  of  the  Big  South  Fork  River. 


8.0  MINE  #88  DISCHARGE 

The  Mine  #88  Discharge  is 
located  on  the  eastern  side  of  the 
Big  South  Fork  River  in  the 
northern  portion  of  the  BSFNRRA 
CMD  study  area  (see  Figure  3). 
The  discharge  emanates  from  an 
historic  deep  mine  opening  (see 
Plate  10),  with  a  visible  entrance, 
on  the  slopes  of  the  watershed  and 
is  conveyed  to  the  river  via  an 
existing  channel  to  a  ponded  area 
along  the  abandoned  rail  road.  The 
discharge  travels  in  a  ditch  along 
the  railroad,  passes  under  the 
railroad  in  culverts,  and  discharges 
into  the  river  at  two  separate 
locations.  The  mine  entrance  is 
approximately  5  feet  high  and 
slopes  downward  from  the 

entrance,  along  the  existing  coal  seam,  and  is  flooded  a  short  distance  from  the  mine  entrance. 
The  entrance  is  protected  from  entry  by  steel  bars.  Site  conditions  in  the  vicinity  of  the  Mine  #88 
CMD  discharge  are  depicted  in  Figure  22. 

Water  quality  data  at  the  Mine  #88  Discharge  from  the  Phase  I  and  II  monitoring  program 
are  summarized  in  Table  30.  The  pH  of  this  deep  mine  discharge  varied  from  5  to  5.5  with 
acidities  ranging  300  to  500  mg/L.  Aluminum  concentrations  were  less  than  1  mg/L,  a  result  of 
the  relative  high  pH  of  the  discharge.  Iron  concentrations  were  high  exceeding  200  mg/L  in  all 
samples  which  based  on  the  pH  of  the  samples  would  likely  be  predominately  in  the  form  of 
ferrous  iron.  Manganese  was  found  at  moderately  low  concentrations  in  the  range  of  10  mg/L. 
The  only  trace  metal  detected  in  all  samples  was  zinc  at  concentrations  of  approximately  0.1 
mg/L.  Arsenic,  chromium  and  copper  were  detected  in  one  or  more  samples  but  at 
concentrations  in  the  vicinity  of  analytical  detection. 

8.1  Remediation  Recommendations 

The  possible  remediation  methods  available  for  resolving  the  water  quality  impacts  on  the 
Big  South  Fork  River  associated  with  the  Mine  #88  discharge  are  limited  to  treatment  BMPs 
capable  of  generating  alkalinity  and  removing  iron.    Treatment  BMPs  capable  of  generating 
alkalinity  to  neutralize  acidity  in  the  Mine  #88  discharge  include: 

•  Treatment  of  the  Mine  #88  CMD  discharge  using  active  treatment  systems  (e.g., 

chemical  doser); 
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•  Treatment  of  the  Mine  #88  CMD  discharge  using  passive  wetland  treatment 
systems  (e.g.,  ALD  and/or  vertical  flow  wetlands);  and 

•  A  wet  mine  seal. 

Active  treatment  of  the  Mine  #88  discharge  is  a  viable  alternative  if  a  settling  basin  is 
provided  in  the  active  treatment  design.  Active  treatment  with  settling  will  remove  iron  and 
aluminum,  as  well  as  trace  metals  from  the  Worley  Branch  CMD  discharge.  However,  the  high 
degree  of  operation  and  maintenance  to  sustain  treatment,  such  as  electricity  and  chemical 
feeding  would  limit  the  success  of  this  alternative.  In  addition,  the  flow  is  insufficient  to  drive 
more  passive  systems,  e.g.,  rotary  drum  and  diversion  wells.  Most  of  the  active  treatment 
systems  available  also  require  periodic  dredging  of  settling  ponds,  which  may  prohibit  the  use  of 
active  treatment  at  limited  access  location  such  as  the  Mine  #88  location. 

Passive  wetland  treatment  has  been  found  to  provide  successful  treatment  of  CMD 
characteristic  of  the  degraded  water  quality  found  in  the  Mine  #88  CMD  discharge.  However, 
the  site  characteristics  (i.e.,  steeply  sloped  embankments,  existing  railroad  and  Big  South  Fork 
River  floodplain)  limit  the  available  area  for  treatment.  Passive  treatment  of  the  Mine  #88  CMD 
discharge  will  require  a  passive  treatment  system  capable  of  generating  alkalinity  as  well  as 
oxidizing  and  precipitating  high  iron  concentrations.  Alkalinity  generating  treatment 
technologies  identified  in  Section  1 .4  include  ALD,  surface  flow  anaerobic  wetland  and 
anaerobic  vertical  flow  wetland  designs. 

The  low  aluminum  (less  than  1  mg/L)  and  high  ferrous  iron  ratio  (approaches  1 00%) 
measured  in  the  Mine  #88  discharge  indicates  the  ALD  technology  would  be  appropriate. 
However,  acidity  levels  reported  for  the  Mine  #88  discharge  exceed  the  alkalinity  generating 
potential  of  an  ALD  by  more  than  250  mg/L  and,  therefore,  would  only  partially  treat  the  Mine 
#88  CMD  discharge;  unless  an  ALD  is  used  in  conjunction  with  some  other  alkalinity  generating 
system  (e.g.,  anaerobic  surface  flow  and  vertical  flow  wetlands).  In  addition,  an  ALD  of 
approximately  0.2  acres  would  be  required  to  treat  the  Mine  #88  flow  which  is  in  excess  of  the 
area  available  outside  the  floodplain.  Therefore,  the  ALD  technology  can  not  be  recommended 
as  a  viable  treatment  option 

The  anaerobic  vertical  flow  wetland  design  would  be  capable  of  providing  alkalinity  and 
treating  the  acidity  levels  found  in  the  Mine  #88  discharge.  Anaerobic  conditions  provided  in  the 
vertical  flow  design  will  also  be  required  to  lower  trace  metal  concentrations;  zinc  was  found  at 
concentrations  greater  than  the  detection  limits  in  the  Mine  #88.    However,  the  required 
treatment  area  for  this  technology  would  be  1.2  acres  if  employed  alone,  and  0.7  acres  if 
employed  in  conjunction  with  an  ALD,  both  of  which  exceed  available  area.  In  addition,  the 
high  iron  concentrations,  in  excess  of  1 00  mg/L,  would  require  additional  area  for  pre-treatment 
to  lower  iron  concentrations  to  levels  that  will  not  interfere  with  the  vertical  flow  design.  This 
indicates  the  vertical  flow  technology,  as  well  as  other  passive  wetland  treatment  technologies,  is 
not  a  viable  treatment  option  for  the  Mine  #88  discharge. 

A  mine  seal  is  also  a  possible  remediation  alternative  for  the  Mine  #88  discharge  because 
it  is  associated  with  an  open  sloped  mine  entry.  A  wet  mine  seal  would  allow  passage  of  water 
from  the  mine  pool  while  preventing  oxygen  from  entering  the  mine  complex  where  it  can 
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oxidize  ferrous  iron  to  ferric  iron.  However,  a  wet  mine  seal  would  do  little  to  change  discharge 
flows  or  water  quality  of  the  Mine  #88  discharge  because  field  observations  indicate  the  mine 
entry  is  flooded  a  short  distance  from  the  entryway.  A  hydraulic  mine  seal,  discussed  in  section 
1.1.3,  would  prevent  flow  from  the  mine  entry  and,  thereby,  would  eliminate  the  Mine  #88 
discharge.  However,  release  of  this  discharge  at  another  location  is  possible  (and  likely)  if  the 
Mine  #88  complex  is  inter-connected  with  other  deep  mines  or  contains  airway  or  portals  and 
would  require  additional  remedial  activities.  Additional,  hydrogeologic  investigations  would  be 
required  to  evaluate  the  appropriateness  of  the  hydraulic  mine  seal  alternative.  In  the  absence  of 
this  required  information,  the  hydraulic  mine  seal  will  not  be  considered  further. 

8.2  Conceptual  Design 

The  above  evaluation  indicates  there  is  insufficient  area  to  apply  any  of  the  passive 
treatment  technologies  to  treat  the  Mine  #88  discharge.  However,  there  has  been  some  recent 
research  conducted  by  Rose  et  al.  (1996)  that  may  be  applicable  to  completely  or  partial 
remediate  the  Mine  #88  discharge.  The  Rose  et  al.  study  injected  organic  waste  into  an  open 
mine  shaft  and  found  this  approach  to  lower  ferric  iron  and  aluminum  of  the  discharge  to  levels 
that  would  permit  use  of  the  ALD  technology.  In  addition,  this  study  also  demonstrated  the 
approach  lowered  the  strength  of  the  mine  drainage  by  raising  pH  and  decreasing  acidity  which 
was  attributed  to  the  reducing  environment  and  sulfate  reduction  created  by  the  organic  substrate. 
This  indicates  that  injecting  organic  substrate  into  the  mine  complex  would  have  beneficial 
effects  on  the  discharge  water  quality. 

A  modification  of  this  approach  would  be  to  inject  an  organic  substrate  and  limestone 
mixture  into  the  mine  entry  in  an  amount  adequate  to  treat  the  discharge.  Treatment  would  be 
accomplished  by  sulfate  reduction  to  precipitate  iron  as  a  sulfide  and  by  solubilizing  limestone  to 
produce  alkalinity.  Each  1  mg/L  of  iron  removed  as  an  insoluble  sulfide  mineral  would  have  a 
corresponding  1 J4  to  2  mg/L  decrease  in  acidity.  In  addition,  the  decomposition  of  the  organic 
substrate  would  release  carbon  dioxide  that  would  increase  the  solubility  of  limestone  and  result 
in  higher  alkalinity  than  typically  released  by  ALDs.  A  wet  mine  seal  would  also  be  constructed 
on  the  mine  entrance  to  flood  the  remainder  of  the  mine  complex  and  prohibit  oxygen  from 
entering  the  mine  where  it  could  affect  the  anaerobic  processes. 

No  design  information  is  available  for  this  innovative  approach,  but  design  information 
from  ALD  and  vertical  flow  technologies  can  be  applied  to  provide  approximate  estimates  of  the 
volume  of  material  to  be  used  and  the  length  of  the  mine  entry  that  will  be  filled  in  this  approach. 
The  design  guidance  for  ALDs  have  between  8  and  16  hours  of  contact  time  to  achieve 
alkalinities  approaching  maximum  concentrations  (Hedin  et  al.  1994).  Subsurface  flow  wetland 
treatment  systems  typically  have  16  to  48  hours  detention  time  in  the  organic  and  limestone 
layers  to  remove  acidity  and  generate  alkalinity  (Dietz  et  al.  1993a).  Based  on  this  information 
the  organic  substrate  and  limestone  material  sufficient  to  have  an  initial  1 6  hour  detention  time 
would  be  360  yd3  (270  m3)  and  400  tons  (363  metric  tons),  respectively.  The  total  volume  of 
material  to  be  placed  in  the  mine  entry  would  be  approximately  760  yd3  (570  m3);  actual  amounts 
of  materials  will  be  based  on  mine  entry  dimensions.  Because  of  the  uncertainty  associated  with 
this  experimental  approach,  volumes  of  limestone  and  organic  substrate  were  not  increased  to 
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account  for  annual  substrate  losses,  typically  considered  in  ALD  and  vertical  flow  wetland 
design. 

It  is  likely  this  approach  will  remove  acidity  and  iron  from  the  Mine  #88  CMD  discharge 
and  produce  alkalinity  sufficient  to  produce  a  circumneutral  pH  discharge.  However,  complete 
removal  of  iron  is  unlikely  and  will  require  a  settling  pond  for  oxidation  and  precipitation  of  iron, 
as  an  oxide,  to  lower  iron  to  levels  that  will  minimize  impacts  on  the  Big  South  Fork  River.  In 
addition,  because  of  uncertainties  associated  with  acidity  removal,  an  open  limestone  channel  is 
recommended  to  convey  the  discharge  from  the  settling  pond  to  the  river.  This  later  component 
should  provide  additional  alkalinity  to  neutralize  acidity  and  precipitate  iron  remaining  in  the 
Mine  #88  CMD  discharge. 

The  conceptual  design  for  this  approach  is  depicted  in  Figure  23.  The  area  depicted  in  the 
Mine  #88  entry  for  placement  of  the  organic  substrate  and  limestone  mixture  is  presented  for 
conceptual  purposes  only  and  does  not  represent  actual  mine  entry  configuration;  Mine  #88 
configuration  would  be  estimated  during  final  design.  A  settling  pond  would  be  located  at  the 
base  of  the  slope,  open  water  with  approximately  4  to  5  feet  depth,  and  contain  a  surface  area  of 
2,500  ft2  (230  m2);  sufficient  to  provide  approximately  24  hours  detention  time.  An  open 
limestone  channel  would  be  similar  in  cross-section  to  the  lined  channel  depicted  in  Figure  6  and 
would  be  approximately  1 ,000  feet  in  length. 

8.3  Preliminary  Construction  Costs 

Construction  costs  for  this  remediation  will  include:  mobilization  and  demobilization; 
construction  of  an  access  road  to  the  site;  care  of  water  during  construction;  clearing  and 
grubbing;  injection  of  organic  substrate  and  limestone  mixture  into  the  Mine  #88  entry; 
installation  of  a  wet  mine  seal;  grading  associated  with  settling  pond  and  limestone  channel 
construction;  limestone  and  an  organic  substrate  (e.g.,  spent  mushroom  compost);  miscellaneous 
materials;  seeding  of  exposed  soils;  and  erosion  and  sedimentation  control  measures.  Table  31 
summarizes  the  anticipated  costs  for  the  Mine  #88  project  which  total  $215,350  in  1997  dollars. 
The  majority  of  the  total  project  costs  is  associated  with  the  limestone,  organic  substrate  and 
injection  of  the  mixture  into  the  mine  entry. 

8.4  Anticipated  Effluent  Quality 

The  innovative  passive  treatment  approach  proposed  for  Mine  #88  discharge  utilizes  an 
anaerobic/alkalinity  addition  process  in  the  mine  entry,  a  precipitation  and  settling  basin  for  iron 
removal,  and  an  open  limestone  channel  for  alkalinity  addition  and  iron  removal.  Because  the 
proposed  remediation  activity  for  the  mine  entry  employs  an  untried  and  unproven  approach,  the 
performance  of  is  unknown  and  effluent  quality  can  not  be  determine,  however,  the  proposed 
remediation  will,  at  a  minimum,  significantly  lower  the  acidity  and  iron  contained  in  the  CMD 
discharge.  In  addition,  trace  metals  will  be  removed  in  the  anaerobic  conditions  of  the  mine 
entry,  potentially  lowering  trace  metals  to  less  than  water  quality  standards  at  the  effluent; 
removal  amounts  could  approach  documented  removal  for  anaerobic  wetland  treatment  systems. 
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The  proposed  passive  treatment  system  also  employs  a  settling  pond  and  the  new  OLC 
design  for  which  there  is  minimal  design  and  performance  information.  These  two  components 
of  the  treatment  system  can  be  expected  to  remove  acidity,  raise  pH,  and  decrease  iron 
concentrations,  thereby  further  improving  effluent  quality.  However,  the  effectiveness  of  these 
two  components  will  be  effected  by  of  the  mine  entry  component  performance.  Therefore,  there 
is  considerable  uncertainty  regarding  this  innovative  technology's  ability  at  achieve  effluent 
performance  goals. 

It  is  anticipated  that  effluent  trace  metal  quality  from  the  proposed  remediation  may 
comply  with  AWQC  benchmarks  and  at  a  minimum  the  proposed  remediation  could  successfully 
achieve  AWQC  in  the  Big  South  Fork  River  for  all  parameters.  Compliance  with  EC20 
benchmarks  may  be  achieved  in  the  Big  South  Fork  for  a  number  of  parameters  including  pH, 
aluminum,  and  zinc,  but  not  for  parameters  including  iron.  A  number  of  parameters  can  not  be 
evaluated  for  compliance  because  the  benchmarks  are  less  than  quantifiable  concentrations. 
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9.0  LAUREL  BRANCH  SPOIL 


The  Laurel  Branch  Spoil 
site  is  located  to  the  north 
(downstream)  of  Laurel  Branch  Cr 
in  the  southern  section  of  the 
study  area  (see  Figure  3).  The 
site  contributes  CMD  pollutants 
directly  to  the  Big  South  Fork 
River  from  diffuse  discharges 
associated  with  discarded  mine 
spoil  from  historic  deep  mining 
that  occurred  well  up  on  the 


side  slopes  of  the  watershed. 
The  mine  spoil  is  located 


Plate  11.  Laurel  Branch  Spoil  area  along  the  banks  of  the 
adjacent  to  the  river,  comprising     gig  South  Fork  River, 
the  stream  banks  in  several 
areas,  and  is  approximately  1  to 

2  acres  in  total  area  (see  Plate  11).  The  mine  spoil  at  this  site  is  moderately  to  poorly  vegetated 
with  steeply  sloping  areas  containing  barren  spoil  in  both  up  slope  area  and  areas  adjacent  to  the 
river.  In  addition,  evidence  of  pyrolized  spoil  at  the  base  of  unpyrolized  spoil  is  in  contact  with 
river  water;  visible  at  low  river  stage. 

Water  quality  data  at  the  Laurel  Branch  Spoil  from  the  Phase  I  and  II  monitoring  at 
sampling  station  number  SSPII  LBC01  are  summarized  in  Table  32.  The  results  indicate  pH 
varied  from  2.5  to  3  with  moderate  to  high  acidities  ranging  from  300  to  1300  mg/L.  Aluminum 
and  iron  were  both  elevated  in  the  discharge  exceeding  10  and  75  mg/L,  respectively.  The  trace 
metals  chromium,  copper,  lead  and  zinc  were  measured  in  all  samples  at  this  location  at 
concentrations  well  above  detection  limits.  Cadmium  and  lead  were  detected  on  several  dates  at 
this  location  but  at  levels  near  detection  limits. 

Examination  of  the  mine  spoil  area  indicate  the  CMD  emanates  from  several  locations 
near  the  base  of  the  spoil  in  areas  that  are  subject  to  flooding  by  seasonal  high  waters  of  the  Big 
South  Fork  River.  The  spoil  area  above  the  river  channel  is  relatively  flat  and  contains  planted 
10  to  20  year  old  scotch  pine.  Upslope  areas  are  steeply  sloped  and  poorly  vegetated  with  some 
unstable  areas  subject  to  erosion  and  mass  wasting.  The  spoil  areas  may  receive  direct 
precipitation  and  overland  runoff  from  adjacent  upslope  areas  which  can  infiltrate  into  the  mine 
spoil.  This  uncontaminated  rainwater  and  runoff  would  infiltrate  into  the  mine  spoil  where 
reactions  with  the  acid-forming  minerals  in  the  mine  spoil  could  result  in  the  CMD  discharges 
identified  at  the  Laurel  Branch  Spoil  site. 


9.1  Remediation  Recommendations 

The  possible  remediation  methods  available  for  resolving  the  water  quality  impacts  on  the 
Big  South  Fork  River  associated  with  the  Laurel  Branch  Spoil  are  limited  to  site  reclamation  and 
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water  source  control  activities.  The  location  of  the  discharge  on  the  stream  bank  of  the  river  is 
below  the  high  water  river  stage  and  prohibits  treatment  and/or  collection  of  the  discharge  for 
treatment  at  another  area.  The  identified  site  reclamation  and  water  source  control  BMPs  for  the 
Laurel  Branch  Spoil  discharge  include  one  or  several  of  the  following: 

•  Removal  of  the  acid-producing  materials  through  excavation  and  disposal  of  mine 
spoil  from  the  site;  and 

•  Regrading  and  revegetation  of  mine  spoil  areas  (or  the  site  after  the  acid- 
producing  materials  have  been  removed); 

•  Placement  of  a  dry  (e.g.,  geomembrane,  fly  ash,  clay  and/or  soil)  cover  on  top  of. 
the  mine  spoil; 

•  Construction  of  stormwater  interceptor  channels  to  collect  and  divert  runoff  from 
the  mine  spoil;  and 

•  Installation  of  a  vertical  barrier  (e.g.,  injected  grout)  along  the  exposed  face  of  the 
mine  spoil. 

One  of  the  above  identified  alternatives  could  be  used  singly  or  in  conjunction  with  others  for  the 
Laurel  Branch  Spoil.    For  this  evaluation  the  possible  alternatives,  called  actions,  were 
individually  evaluated  creating  a  list  of  options  and  there  likely  effects  at  reducing  pollutant 
loading  from  the  site  through  either  decreases  in  acid  production  and/or  flow. 

9.1.1  Action  1  -  Removal  of  Spoil 

Removal  of  the  spoil  from  the  Laurel  Branch  Spoil  site  was  identified  as  an  alternative  by 
the  Steering  Committee.  This  option  would  involve:  excavation  of  all  mine  spoil  from  the  site, 
down  to  pre-mining  grades;  regrading  and  revegetation  of  the  Laurel  Branch  Spoil  site  once  the 
spoil  has  been  removed;  and  regrading,  dry  cover  placement  (geomembrane  liner),  and 
revegetation  of  the  identified  disposal  site.  The  disposal  site  identified  by  the  Committee  is  a  30 
acre  abandoned  surface  mine  located  within  60  miles  of  the  Laurel  Branch  Spoil  site. 

Removal  of  the  spoil  from  the  Laurel  Branch  Spoil  site  would  involve  excavation  and 
hauling  of  the  spoil  in  methods  similar  to  surface  mining  or  gravel  excavation.  The  volume  of 
the  material  to  be  excavated  is  approximately  40,000  cubic  yards;  based  on  the  total  surface  area 
of  1  acres  and  an  estimated  25  feet  average  spoil  depth;  based  on  observed  spoil  height  adjacent 
to  the  Big  South  Fork  River  and  surrounding  topography.  The  project  will  also  incur  costs 
associated  with:  construction  of  a  roadway  to  the  Laurel  Branch  Spoil  site;  clearing  and  grubbing 
of  the  Laurel  Branch  Spoil  and  disposal  sites;  revegetation  of  the  Laurel  Branch  Spoil  site; 
regrading  and  revegetation  of  the  disposal  site;  placement  of  a  dry  cover  at  the  disposal  site;  and 
placement  of  a  soil  cover  on  the  disposal  site.  Activities  at  the  disposal  site  were  prorated  based 
on  the  amount  of  material  to  be  disposed. 
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The  preliminary  total  cost  estimates  for  the  spoil  removal  action  are  approximately 
$300,000,  based  on  a  disposal  cost  of  $7.25  per  cubic  yard  that  was  developed  for  the  Blue  Heron 
Spoil  site.  This  estimate  is  appropriate  if  this  proposed  removal  alternative  occurs  as  part  of  the 
removal  alternative  at  the  Blue  Heron  Spoil  site.  Costs  of  removal  and  disposal  would  be 
substantially  higher  if  this  project  were  undertaken  solely  without  the  Blue  Heron  disposal 
alternative. 

9.1.2  Action  2  -  Regrading  and  Revegetation 

The  Laurel  Branch  Spoil  is  dominated  by  mature  evergreens  with  canopy  coverage 
approaching  1 00  percent.  However,  the  underlying  soil  is  poorly  vegetated  or  barren.  The 
Laurel  Branch  Spoil  also  contains  level  areas  where  stormwater  may  collect  and  infiltrate  into  the 
spoil.    Regrading  of  the  site  to  minimize  infiltration  and  revegetation  with  herbaceous  plants  to 
eliminate  barren  spoil  will  be  beneficial  in  reducing  discharge  flow  by  lowering  infiltration  of 
water  and  oxygen  into  the  spoil,  thereby  increasing  water  retention  in  the  soil  layer,  increasing 
evapotranspiration,  and  decreasing  pyrite  oxidation.  Robertson  and  Barton-Bridges  (1990) 
indicate  that  a  1  ¥i  and  3  ft  soil  cover  would  lower  acid  generation  by  approximately  30  and  50 
percent,  primarily  through  lower  infiltration  of  water  into  the  spoil. 

Reclamation  at  the  Laurel  Branch  Spoil  area  would  require  clearing  and  grubbing  of 
existing  vegetation  which  could  be  mulched  and  incorporated  into  the  soil  cover.  Regrading 
would  involve  earthmoving  of  existing  spoil,  including  excavation  of  spoil  from  up  slope  areas, 
to  obtain  stable  slopes  that  minimize  erosion  while  inhibiting  infiltration  and  standing  water,  and 
removal  of  spoil  from  the  river  bank  to  lessen  contact  with  the  river.  A  1  ¥i  ft  soil  cover  would  be 
placed  on  top  of  the  regraded  site  which  could  be  developed  from  low  cost  materials  such  as  fly 
ash  and/or  waste  organics  (e.g.,  paper  mill,  vegetable  tanning  and  municipal  wastewater 
stabilized  sludge).  The  site  would  be  seeded  with  a  grass  and  herbaceous  seed  mix  to  permit 
rapid  revegetation,  thereby,  stabilizing  slopes  and  minimizing  erosion  losses.  Agricultural 
fertilizers  and  limestone  would  be  applied  during  seeding  and  periodically  after  reclamation  to 
maintain  an  adequate  vegetative  cover.  The  alkaline  material  could  also  be  beneficial  in 
buffering  the  small  amount  of  infiltrating  water  that  passes  through  the  soil  cover. 

Based  on  the  cost  estimate  for  the  Blue  Heron  Spoil  area,  reclamation  costs  per  acre  are 
approximately  $40,000.  This  indicates  the  total  costs  for  reclamation  of  the  1  to  2  acres  at  the 
Laurel  Branch  Spoil  site  would  be  between  $40,000  and  $80,000  depending  on  the  total  area 
requiring  reclamation  and  soil  cover. 

9.1.3  Action  3  -  Dry  Cover  Placement 

This  action  involves  placement  of  a  geomembrane  liner  on  top  of  the  spoil  throughout  the 
Laurel  Branch  Spoil  site.  Placement  of  the  liner  would  minimize  the  vertical  infiltration  of  water 
and  oxygen  into  the  mine  spoil,  but  would  not  effect  lateral  water  and  oxygen  transport  through 
the  spoil  face  along  the  river.  The  effectiveness  and  long  term  integrity  of  a  liner  on  slopes 
subject  to  high  floodwater  and  erosional  forces  along  the  banks  of  the  Big  South  Fork  River 
would  have  to  be  evaluated. 
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Liner  installation  will  require  a  soil  cover,  to  be  placed  on  top  of  the  liner,  to  protect  the 
liner  from  environmental  forces  (e.g.,  UV  breakdown)  and  prevent  tearing  and  punctures  of  the 
exposed  liner.  A  soil  cover  depth  of  3  ft  is  recommended  to  ensure  the  liner  remains  covered 
over  the  entire  site.  The  slope  of  the  spoil  adjacent  to  the  Big  South  Fork  River  may  prohibit 
installation  of  a  liner,  as  well  as  the  liner  may  eventually  become  exposed  and  destroyed  along 
this  highly  unstable  slope.  In  addition,  this  action  will  not  lower  CMD  produced  from  lateral 
transport  of  river  water  into  the  spoil  and  the  horizontal  recharge  of  groundwater  from 
surrounding  areas.  The  action  will  also  require  clearing  and  grubbing,  regrading  and  revegetation 
of  the  site. 

Based  on  the  Blue  Heron  Spoil  site,  a  cost  of  $80,000  per  acre  of  spoil  receiving  a  dry 
cover  would  be  representative.  This  equates  to  an  estimated  total  cost  of  between  $80,000  and 
$160,000  for  this  action  at  the  Laurel  Branch  Spoil  site. 

9.1.4  Action  4  -  Removal  and  Diversion  of  Surface  Water 

The  presence  of  near  level  and  standing  water  on  the  Laurel  Branch  Spoil  may  contribute 
water  to  the  acid-producing  spoil.  The  Laurel  Branch  Spoil  site  also  lacks  control  of  surface 
runoff  that  may  enter  the  site  from  up  slope  undisturbed  areas  and  infiltrate  into  the  spoil,  adding 
to  the  volume  of  CMD  produced  by  the  site.  Measures  to  control  the  infiltration  of 
uncontaminated  water  into  the  Blue  Heron  Spoil  through  may  help  reduce  the  volume  of  CMD 
produced  by  the  site.  The  effectiveness  of  the  measures  are  dependent  on  the  volumes  of  water 
infiltrating  into  the  spoil,  estimated  at  approximately  5  gpm  in  the  Phase  I  report  (Appendix  C). 
Surface  water  control  measures  have  successfully  reduced  CMD  production  at  other  sites  from 
10  to  100  percent. 

This  action  would  require  two  separate  control  measures:  1)  grading  to  minimize  standing 
water  and  promote  runoff;  and  2)  construction  of  interceptor  channels  at  the  edge  of  the  spoil, 
along  the  steeply-sloped  undisturbed  areas,  to  capture  surface  runoff  and  convey  it  away  from  the 
spoil  and  down  slope  to  the  Big  South  Fork  River.  The  grading  component  would  be  included  as 
part  of  the  Regrading  and  Revegetation  Action.  The  interceptor  channels  will  be  similar  in  cross- 
section  as  depicted  in  Figure  6  and  will  include  limestone  as  the  rock  material. 

The  costs  for  this  action  involves  channel  construction,  approximately  400  linear  feet,  and 
minor  grading  to  improve  drainage  from  the  site.  Based  on  cost  estimates  for  the  Blue  Heron 
diversion  of  surface  water  action,  the  costs  for  the  Laurel  Branch  Spoil  site  would  be  between 
$20,000  and  $40,000. 

9.1.5  Action  5  -  Installation  of  Vertical  Barrier 

The  open  exposed  spoil  along  the  Big  South  Fork  River  may  permit  infiltration  of 
uncontaminated  water  from  the  river,  during  high  river  stage,  into  the  spoil  where  it  may  be 
substantially  degraded  upon  contact  with  acid-bearing  rock  material.  The  open  face  is  likely  a 
major  contributor  of  oxygen,  a  necessary  agent  in  the  oxidation  of  pyrite,  to  the  spoil  resulting  in 
the  production  of  CMD  and  may  also  contribute  to  higher  spoil  temperatures  (and  pyrite 
oxidation  rates)  by  allowing  cooler  ground  temperatures  to  escape  from  the  spoil.  Formation  of  a 
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vertical  barrier,  through  injection  of  grout,  along  this  face  may  provide  substantial  reduction  in 
CMD  production. 

The  action  would  create  a  vertical  concrete  barrier  that  would  have  a  lower  permeability 
than  existing  spoil  conditions,  thereby  inhibiting  water  from  the  Big  South  Fork  River  from 
infiltrating  into  the  spoil.  The  vertical  barrier  could  also  decrease  water  movement  from  the  spoil 
which  would  increase  saturated  conditions  in  the  spoil  and  decrease  CMD  production  by 
decreasing  the  oxidation  of  pyrite  in  the  spoil.  The  alkaline  nature  of  the  grout  would  also 
neutralize  acidity  in  CMD  that  comes  in  contact  with  it. 

The  spoil  face  will  be  drilled  to  develop  a  line  of  bore  holes  at  regular  intervals  (10  to  20 
ft)  along  the  face  of  the  spoil.  Each  bore  hole  will  be  injected  with  a  liquid  grout,  to  permit  the 
material  to  fill  the  voids  in  the  spoil,  comprised  of  fly-ash,  concrete,  water  and  solidifying  agents. 
The  number  of  wells  required  to  develop  the  vertical  barrier  will  likely  range  between  30  and  40 
with  an  average  depth  of  50  ft.  The  vertical  barrier  would  have  an  approximately  width  of  5  to 
10  feet  and  300  to  500  ft  length  along  the  river. 

Based  on  the  Blue  Heron  Spoil  site  the  total  costs  for  this  action  at  the  Laurel  Branch 
Spoil  site  are  estimated  to  be  $60,000  to  $100,000. 

9.2  Conceptual  Design 

The  recommended  remediation  measures  for  the  Laurel  Branch  Spoil  site  include 
diversion  and  control  of  surface  waters,  regrading  and  reclamation.  These  actions  will  likely 
reduce  the  CMD  produced  by  the  Laurel  Branch  Spoil  site  by  60  to  80  percent  for  a  total  cost 
estimate  of  $60,000  to  $120,000.  More  aggressive  actions  including  spoil  removal,  dry  cover 
placement,  vertical  barrier  do  not  appear  to  be  warranted  because  of  the  high  cost  to  achieve 
additional  CMD  decreases  over  the  recommended  actions;  the  additional  20  to  40  percent  would 
require  additional  expenditures  in  excess  of  $250,000. 

9.3  Anticipated  Water  Quality 

It  is  anticipated  that  the  remediation  methods  will  effect  the  Laurel  Branch  Spoil 
discharge  by  lowering  their  volume  and  strength.  However,  remediation  methods  success  are 
highly  variable  and  difficult  to  quantify. 

The  recommended  removal  and  diversion  of  surface  water  action  could  lower  CMD 
discharge  volumes  by  1 0  to  25  percent.  Reclamation  methods  could  lower  the  CMD  discharges 
from  the  site  by  between  30  and  50  percent.  Overall,  the  remediation  methods  could  lower  CMD 
volumes  by  between  40  and  75  percent,  thereby,  reducing  CMD  loading  to  the  Big  South  Fork 
River.  Application  of  limestone  to  the  site  will  provide  alkalinity  to  buffer  the  rate  of  CMD 
production  and  neutralize  CMD  produced  with  an  assumed  long  term  CMD  concentration 
reduction  of  1 0  to  20  percent.  It  is  anticipated  this  remediation  could  decrease  the  CMD  strength 
by  between  25  and  50  percent  with  chromium  and  lead  lowered  to  below  detection  limits  and 
copper  and  zinc  concentrations  lowered  by  approximately  50  to  80  percent,  levels  that  would 
approach  but  not  achieve  compliance  with  AWQC. 
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Based  on  the  above  evaluation  the  recommended  remediation  and  control  measures  for 
the  Laurel  Branch  Spoil  site  could  lower  acidity  loading  from  the  sites  by  50  to  95  percent  and 
trace  metal  loading  will  decrease  by  up  to  100  percent,  depending  on  the  specific  trace  metal. 
Evaluating  performance  of  remediation  based  on  water  quality  monitoring  results  may  not  be 
permissible  because  one  or  more  of  the  proposed  actions  described  may  change  flow  patterns  in 
the  spoil  and  the  variability  in  water  quality  data  from  the  monitoring  studies  (for  example:  total 
iron  varied  from  1 1  to  360  mg/L  at  SSPII  LBC01)  may  mask  actual  beneficial  improvements. 

The  types  of  discharges  and  improvements  associated  with  the  proposed  actions  also 
effect  evaluation  of  compliance  with  the  water  quality  benchmarks.  Upstream  and  downstream 
samples  in  the  Big  South  Fork  indicate  frequent  to  occasional  aluminum,  copper  and  iron  levels 
that  exceed  the  AWQC  and  EC20  benchmarks.  Based  on  the  above  evaluation,  the  proposed 
remediation  actions  will  lower  the  impacts  of  the  Laurel  Branch  Spoil  Site  on  the  Big  South  Fork 
River  water  quality  possibly  decreasing  presently  measured  concentrations  incrementally  closer 
to  instream  compliance  with  AWQC  and  EC20  benchmarks. 
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10.0  NANCY  GRAVES  CREEK 

Nancy  Graves  Creek  is  a 
tributary  to  the  Big  South  Fork  River 
located  on  the  western  side  of  the 
watershed  in  the  northern 
(downstream)  portion  of  the 
BSFNRRA  CMD  study  area  (see 
Figure  3).  Mine  drainage  enters 
Nancy  Graves  Creek  from  three 
sources,  a  channel  that  flows  overland 
from  an  up  slope  mining  area  along 
the  north  slope  of  the  stream  (see 
Figure  24),  Mine  #60  drainage  on  the 
north  slope,  and  overland  flow  from 
the  Mine  #59  spoil  on  the  south  slope. 
The  channel  conveys  mine  drainage 
from  a  collective  collapsed  mine  and 
spoil  area  located  well  up  on  the 
slopes  to  Nancy  Graves  (Plate  12). 
The  Nancy  Graves  Creek  channel 
contains  brownish-orange  colored 
iron  oxide  deposits  characteristic  of 
an  acidic  discharge. 

Water  quality  data  collected  at  the  mouth  of  Nancy  Graves  Creek,  station  number  SSPII 
NGC01,  from  the  Phase  I  and  II  monitoring  program  are  summarized  in  Table  33.  Monitored  pH 
varied  from  2.8  to  4.1  and  contained  varying  levels  of  acidity  (18  to  270  mg/L)  that  appears  to  be 
related  to  stream  flow  with  lowest  pHs  and  highest  acidities  occurring  during  low  flows. 
Aluminum,  iron  and  manganese  concentrations  also  appear  related  to  discharge  flow  with  higher 
concentrations  occurring  at  lower  flows;  reported  aluminum,  iron  and  manganese  concentrations 
exceeded  1 0  mg/L  at  the  lowest  flows.  The  trace  metals  zinc  and  copper  were  repeatedly  detected 
at  the  Nancy  Graves  location  with  maximum  reported  concentrations  of  0.21  mg/L  and  0.015 
mg/L,  respectively.    Chromium  was  also  detected  from  the  Nancy  Graves  station  but  only  in  one 
sample  and  at  a  concentration  near  the  detection  limit. 

10.1  Remediation  Recommendations 

The  remediation  methods  available  for  mitigating  the  water  quality  impacts  on  the  Big 
South  Fork  River  associated  with  the  Nancy  Graves  discharge  are  limited  to  treatment  BMPs. 
The  diffuse  and  multi-point  discharges  at  the  Nancy  Graves  site  would  likely  make  site 
remediation  methods  very  costly  and  may  only  have  limited  success  in  reducing  CMD  flow 
and/or  strength.  The  treatment  BMPs  identified  for  the  Nancy  Graves  discharges  include: 


Plate  12.  One  of  the  CMD  discharge  to  Nancy 
Graves  Creek. 
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•  Instream  treatment  of  Nancy  Graves  using  active  treatment  systems  (e.g., 
chemical  dosers); 

•  Instream  treatment  of  Nancy  Graves  using  passive  treatment  systems  (e.g., 
limestone  sand  dosing); 

•  Treatment  of  the  multi-point  discharges  using  active  treatment  systems  (e.g., 
chemical  doser); 

•  Treatment  of  the  multi-point  discharges  using  passive  wetland  treatment  systems 
(e.g.,  vertical  flow  wetlands); 

Operation  and  maintenance  limitations  of  instream  active  treatment  were  discussed  for 
the  Laurel  Branch  Creek.  The  Nancy  Graves  flow  is  also  inadequate  to  support  use  of  a  passive 
hydraulic  systems  such  as  diversion  wells  and  rotary-drum  systems;  rotary-drums  require  a 
minimum  of  0.1  cfs  to  operate  on  a  continuous  basis  (Zurbuch  et  al.  1996).  Instream  active 
treatment  will  result  in  precipitation  of  metals  (primarily  iron  and  aluminum)  in  the  stream  where 
the  solids  can  accumulate  in  the  substrate  and  potentially  impact  benthic  habitat.  Trace  metals 
(e.g.,  copper  and  zinc)  in  the  CMD  may  be  co-precipitated  with  iron  and  aluminum  or  remain  in 
solution  where  they  may  remain  potentially  toxic  to  fish  and  benthic  macroinvertebrates.  The 
short  distance  from  the  discharge  location  to  the  Big  South  Fork  River  suggests  the  metal 
precipitation  would  likely  occur  within  the  river  potentially  impacting  water  quality,  benthic 
habitat,  and  aesthetics.  Based  on  the  above  limitations,  instream  active  treatment  is  not 
recommended  as  a  remediation  method  for  the  Nancy  Graves  Creek. 

Active  treatment  of  the  multi-point  discharge  is  a  viable  alternative  if  a  settling  basin  is 
provided  in  the  active  treatment  design.  Active  treatment  with  settling  will  remove  iron  and 
aluminum  as  well  as  trace  metals  from  the  Nancy  Graves  CMD  discharge.  However,  operation 
and  maintenance  limitations,  similar  to  discussed  for  instream  active  treatment,  but  also 
including  periodic  dredging  of  settling  pond,  would  prohibit  the  use  of  active  treatment  of  the 
discharge  at  this  remote  location. 

Instream  passive  treatment  employing  a  periodic  limestone  sand  application  to  a  location 
downstream  of  the  discharge  to  Nancy  Graves  would  likely  result  in  significant  accumulation  of 
metals  in  the  Big  South  Fork  River.  In  addition,  the  short  distance  to  the  river  may  be 
insufficient  for  the  limestone  sand  to  completely  react  with  the  acidity  resulting  in  water  quality 
impacts.  Limited  access  to  the  Nancy  Graves  location  may  also  create  problems  in  replenishing 
the  limestone  sand  on  a  periodic  basis. 

Passive  wetland  treatment  has  been  found  to  provide  successful  treatment  of  CMD 
characteristic  of  the  degraded  water  quality  found  in  the  Nancy  Graves  discharges.  However, 
passive  treatment  is  not  recommended  to  treat  co-mingled  CMD  discharge  flow  and  stream  flow 
because  the  stream  flow  variability  could  jeopardize  the  treatment  effectiveness  of  a  passive 
wetland  treatment  system.  Treatment  of  the  multi-point  CMD  discharge  can  be  accomplished  by 
collecting  the  discrete  points  and  conveying  them  to  a  common  location;  such  as  the  identified 
potential  treatment  area  (see  Figure  24). 
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Treatment  of  the  Nancy  Graves  CMD  discharges  will  require  a  passive  treatment  system 
capable  of  generating  alkalinity  and  removing  conventional  (i.e.,  iron  and  aluminum)  and  trace 
(e.g.,  copper  and  zinc)  metals.  Alkalinity  generating  treatment  technologies  identified  in  Section 
1 .4  include  ALD,  surface  flow  anaerobic  wetland  and  anaerobic  vertical  flow  wetland  designs. 
The  elevated  aluminum  (17  mg/L)  and  high  ferric  iron  (20  mg/L)  measured  in  the  discharge 
indicates  the  ALD  technology  would  be  inappropriate.  The  anaerobic  surface  flow  wetland 
design  would  be  capable  of  providing  alkalinity  but  the  required  treatment  area  for  this  design 
would  likely  exceed  available  area.  The  remaining  technology,  anaerobic  vertical  flow  wetland, 
is  capable  of  treating  the  acidity  levels  found  in  the  Nancy  Graves  discharge  and  providing 
excess  alkalinity.  In  addition,  the  anaerobic  conditions  provided  in  this  design  have  been  found 
to  lower  the  trace  metals  copper  (0.015  mg/L)  and  zinc  (0.2  mg/L)  present  in  this  discharge. 
Therefore,  the  anaerobic  vertical  flow  wetland  design  is  recommended  as  the  technology  of 
choice  to  treat  the  Nancy  Graves  discharge. 

10.2  Conceptual  Design 

Based  on  the  above  evaluation,  only  passive  wetland  treatment  is  suitable  to  address  the 
Nancy  Graves  Creek  CMD  discharge.  Of  the  passive  wetland  treatment  technologies  available, 
anaerobic  vertical  flow  wetland  design  is  most  appropriate  to  treat  the  Nancy  Graves  CMD 
discharge. 

The  conceptual  design  for  the  anaerobic  vertical  flow  wetland  and  conveyance  channel  is 
depicted  in  Figure  25.  As  indicated  in  this  plan  view  a  collection  channel  will  convey  the  diffuse 
and  multi-point  CMD  discharges  across  the  slope  to  the  anaerobic  vertical  flow  wetland  located 
at  the  potential  treatment  area,  a  distance  of  approximately  200  feet.  The  proposed  conveyance 
channel  will  be  a  geotextile-lined  channel  containing  limestone  material,  similar  to  the  channel 
depicted  in  Figure  6.  In  addition  limestone  will  be  added  to  the  Nancy  Graves  Creek  channel  to 
provide  neutralization  of  CMD  entering  the  creek  from  the  southerly  slope,  Mine  #60  discharge. 

The  three  Nancy  Graves  CMD  discharges  were  sampled  only  during  the  BSFNRRA 
characterization  study  (Phase  I  Report).  Phase  II  sampling  focused  on  water  quality  of  the  Nancy 
Graves  Creek  downstream  of  the  various  CMD  inflow  points;  sample  from  10/17/96  during  the 
Phase  II  may  be  representative  of  the  CMD  discharge.  Additional  sampling  will  be  necessary  to 
characterize  the  discharges  prior  to  final  design.  In  the  absence  of  this  data,  a  CMD  discharge 
flow  rate  of  30  gpm  will  be  used  to  develop  the  conceptual  design;  estimated  based  on  data 
collected  from  Nancy  Graves  Creek,  the  CMD  discharge  chemistry  and  employing  a  mass 
balance  equation.  Applying  this  flow  rate  to  the  CMD  water  chemistry  data  for  the  discharge 
results  in  an  acid  loading  of  44,150  GPD  which  was  used  to  determine  the  treatment  area 
required  for  the  vertical  flow  wetland  treatment  system.  Acid  loading  was  used  because  acid 
removal  is  the  only  parameter  for  which  design  information  for  anaerobic  vertical  flow  wetlands 
is  available.  An  acidity  removal  rate  of  25  GDM  was  used  to  determine  total  treatment  area  size. 
A  design  model  developed  by  Gannett  Fleming  was  used  to  determine  optimal  number  of  cells 
and  treatment  area  in  each  cell  within  the  vertical  flow  system.  The  model  considers  acid 
loading,  hydraulic  detention  time  and  effluent  quality  from  the  vertical  flow  wetland  treatment 
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cell  (assumed  alkalinity  of  100  mg/L  from  the  underdrain  of  vertical  flow  wetland  treatment 
systems). 

A  single  cell,  vertical  flow  wetland  treatment  system  would  require  14,000  ft2  of 
treatment  area  to  adequately  treat  (i.e.,  acidity  =  0  mg/L  and  alkalinity  >  0  mg/L)  CMD  discharge 
on  Nancy  Graves  Creek.  A  multi-cell  vertical  flow  wetland  that  would  achieve  this  same  effluent 
alkalinity  would  consist  of  two  cells,  each  cell  containing  6,250  ft2.  The  total  treatment  area  of 
the  multi-cell  system  is  12,500  ft2  a  greater  than  10  percent  reduction  in  treatment  area  which 
will  likely  be  reflected  in  a  decrease  in  project  cost.  In  addition,  the  long  term  operation  and 
treatment  effectiveness  is  likely  to  be  improved  in  a  multi-cell  system  containing  redundant 
components. 

10.3  Preliminary  Construction  Costs 

Construction  costs  for  this  remediation  will  include:  mobilization  and  demobilization; 
care  of  water  during  construction;  clearing  and  grubbing;  grading  associated  with  channel  and 
treatment  cell  construction;  piping  (e.g.,  underdrain  system);  limestone  and  an  organic  substrate 
(e.g.,  spent  mushroom  compost);  miscellaneous  materials;  seeding  of  exposed  soils;  and  erosion 
and  sedimentation  control  measures.  Table  34  summarizes  the  anticipated  costs  for  the  Nancy 
Graves  project  which  are  based  engineering  estimates  from  several  recent  projects.  No  cost 
estimates  are  provided  for  required  fill  for  construction  of  the  treatment  system  and/or  disposal  of 
excess  material  since  these  quantities  are  unknown  and  determined  during  final  design. 

10.4  Anticipated  Water  Quality 

The  passive  treatment  systems  for  the  Nancy  Graves  discharge  utilizes  the  anaerobic 
vertical  flow  design  capable  of  removing  acidity  and  producing  excess  alkalinity.  Acidity  was 
used  as  the  design  parameter  for  the  conceptual  systems  because  it  is  the  only  available  guidance 
for  design  of  this  technology.  The  number  of  cells  and  size  of  the  conceptual  designs  were 
developed  to  produce  net  alkaline  water  at  average  loading  conditions,  which  should  result  in 
complete  removal  of  acidity,  a  circumneutral  pH,  and  aluminum  less  than  0.1  mg/L.  It  is 
anticipated  that  iron  will  be  decreased  to  less  than  0.5  mg/L  in  the  multi-cell  design.  Trace 
metals  will  be  removed  in  the  anaerobic  environment  of  the  vertical  flow  treatment  cells  and 
based  on  the  flow  passing  through  the  underdrains,  approximately  25  gpm  of  the  discharge  flow, 
copper  and  zinc  concentrations  will  be  decreased  by  more  than  75  percent. 

The  level  of  treatment  should  result  in  the  majority  of  parameters,  including  copper  and 
zinc,  to  be  in  compliance  with  the  AWQC  benchmarks,  as  measured  at  the  effluent  from  the 
system.  A  number  of  the  parameters  will  also  be  in  compliance  with  the  EC20  benchmarks,  e.g., 
aluminum  and  zinc,  but  it  is  not  likely  that  all  parameters,  e.g.,  copper  and  iron,  will  meet  EC20 
benchmarks.    Compliance  of  other  non-detected  metals  (e.g.,  cadmium)  can  not  be  evaluated 
because  the  concentrations  are  less  than  analytical  quantification  levels. 
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Plate  13.  Mine  #86  discharge  to  Worley  Branch 
Creek. 


11.0  WORLEY  MINE  #86  SITE 

The  Worley  Mine  #86  Site  is 
located  on  the  eastern  side  of  the  Big 
South  Fork  River  at 

the  northern  (downstream)  boundary  of 
the  BSFNRRA  study  area  (see  Figure  3). 
The  Mine  #86  CMD  discharge  enters 
Worley  Branch  a  short  distance, 
approximately  600  feet,  upstream  of  the 
confluence  with  the  Big  South  Fork 
River  (see  Figure  26).  The  Mine  #86 
CMD  discharge  is  associated  with  a 
collapsed  deep  mine  entry  from  historic 
mining  that  is  located  near  the  stream 
elevation  on  the  southern  side  slope  of 
the  Worley  Branch  (see  Plate  13). 

Water  quality  samples  collected 
from  the  Mine  #86  discharge  during  the 
Phase  I  and  II  investigation  indicates  the 

discharge  has  a  high  pH  (greater  than  5.5)  and  is  moderately  acidic  with  a  reported  values 
ranging  from  100  to  250  mg/L  as  CaC03  (see  Table  35).  Iron  is  elevated  with  concentrations 
exceeding  1 00  mg/L  and  is  almost  entirely  in  the  form  of  ferrous  iron.  Aluminum  concentrations 
in  the  discharge  are  very  low  (less  than  1  mg/L)  which  is  likely  due  to  the  elevated  pH  of  the 
discharge;  aluminum  has  a  pH  dependent  solubility. 

The  pH  at  the  mouth  of  the  Worley  Branch  from  the  Phase  I  and  II  monitoring  program  is 
relatively  constant  ranging  from  5.5  to  6.5  and  unlike  the  other  streams  (i.e.,  Laurel  Branch  and 
Devils  Creek)  does  not  appear  to  be  related  to  stream  flow.  Acidity,  iron,  manganese  and  zinc 
show  a  slight  relationship  with  flow  with  higher  concentrations  occurring  at  lower  stream  flows. 
Aluminum  is  well  below  1  mg/L  which  is  the  result  of  the  higher  pH  of  the  stream  and  the  CMD 
discharge.  The  presence  of  macroinvertebrates  immediately  upstream  of  the  Mine  #86  CMD 
inflow  point  suggests  the  primary  source  of  CMD  to  Worley  Branch  is  the  Mine  #86  discharge. 
The  high  pH  in  the  Worley  Branch,  the  presence  of  moderate  acidity,  and  iron  as  primarily 
ferrous  iron  indicates  the  distance  (travel  time)  to  the  Big  South  Fork  River  is  too  short  to 
adequately  oxidize  the  ferrous  iron  and  precipitate  iron  oxide,  which  would  cause  a 
corresponding  decrease  in  pH. 

11.1  Remediation  Recommendations 

The  possible  remediation  methods  available  for  resolving  the  water  quality  impacts  on  the 
Big  South  Fork  River  associated  with  the  Worley  Branch  discharge  include  both  site  remediation 
and  treatment  BMPs.  The  BMPs  include: 
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•  Instream  treatment  of  Worley  Branch  using  active  treatment  systems  (e.g., 
chemical  dosers); 

•  Instream  treatment  of  Worley  Branch  using  passive  treatment  systems  (e.g., 
limestone  sand  dosing); 

•  Treatment  of  the  Worley  Mine  #86  CMD  discharge  using  active  treatment 
systems  (e.g.,  chemical  doser); 

•  Treatment  of  the  Worley  Mine  #86  CMD  discharge  using  passive  wetland 
treatment  systems  (e.g.,  ALD  and/or  vertical  flow  wetlands);  and 

•  A  wet  mine  seal. 

Operation  and  maintenance  limitations  of  instream  active  treatment  discussed  for  the 
Laurel  Branch  Creek  site  also  apply  to  Worley  Branch.  The  Worley  Branch  flow  is  also 
inadequate  to  support  use  of  a  rotary-drum  system  which  requires  a  minimum  of  0.1  cfs  to 
operate  on  a  continuous  basis  (Zurbuch  et  al.  1 996).  Instream  active  treatment  will  also  result  in 
precipitation  of  metals  (primarily  iron  and  aluminum)  in  the  stream  where  the  solids  can 
accumulate  in  the  substrate  and  potentially  impact  benthic  habitat.  Trace  metals  (e.g.,  copper  and 
zinc)  in  the  CMD  may  be  co-precipitated  with  iron  and  aluminum  or  remain  in  solution  where 
they  may  remain  potentially  toxic  to  fish  and  benthic  macroinvertebrates.  The  short  distance 
from  the  Worley  Mine  #86  discharge  location  to  the  Big  South  Fork  River  suggests  that  the  metal 
precipitation  would  likely  occur  within  the  river,  potentially  impacting  water  quality,  benthic 
habitat,  and  aesthetics  within  a  portion  of  the  river  that  already  exhibits  considerable  degradation. 
Based  on  the  above  limitations,  instream  active  treatment  methods  are  not  recommended  as  a 
remediation  method  for  the  Worley  Branch. 

Active  treatment  of  the  Worley  Mine  #86  discharge  is  a  viable  alternative  if  a  settling 
basin  is  provided  in  the  active  treatment  design.  Active  treatment  with  settling  will  remove  iron 
and  aluminum,  as  well  as  trace  metals  from  the  Worley  Branch  CMD  discharge.  However, 
operation  and  maintenance  limitations,  similar  to  discussed  for  instream  active  treatment,  and 
also  including  periodic  dredging  of  settling  pond,  may  prohibit  the  use  of  active  treatment  at 
limited  access  location  such  as  the  Worley  Branch  location. 

Instream  passive  treatment  employing  a  periodic  limestone  sand  application  to  a  location 
downstream  of  the  discharge  to  Worley  Branch  would  be  affected  by  the  short  distance  to  the  Big 
South  Fork  River,  which  could  result  in  significant  accumulation  of  metals  in  the  river.  The  high 
pH  and  high  ferrous  iron  concentration  at  the  Worley  Branch  sampling  location  provides 
evidence  regarding  the  limited  oxidation  and  precipitation  that  would  likely  occur  with  alkaline 
addition.  In  addition,  the  short  distance  to  the  river  may  be  insufficient  for  the  limestone  sand  to 
completely  react  with  the  acidity  in  Worley  Branch  resulting  in  water  quality  impacts  to  areas 
within  the  river.  Limited  access  to  the  Worley  Mine  #86  Site  may  also  create  problems  in 
replenishing  the  limestone  sand  on  a  periodic  basis. 
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Passive  wetland  treatment  has  been  found  to  provide  successful  treatment  of  CMD 
characteristic  of  the  degraded  water  quality  found  in  the  Worley  Branch  CMD  discharge.  Passive 
treatment  is  not  recommended  to  treat  co-mingled  CMD  discharge  flow  and  Worley  Branch  flow 
because  of  the  stream  flow  variability  that  has  been  observed  for  Worley  Branch  could  jeopardize 
the  treatment  effectiveness  of  a  passive  wetland  treatment  system.  However,  the  site 
characteristics  (i.e.,  narrow,  steeply  sloped  channel)  limit  the  available  area  for  treatment  if  areas 
in  the  vicinity  of  the  stream  channel  are  excluded.  Therefore,  treatment  of  the  Worley  Mine  #86 
CMD  discharge  will  be  accomplished  within  the  existing  stream  channel  and  by  providing 
bypass  of  the  stream  flow  (except  extreme  storm  events)  around  the  treatment  system. 

Treatment  of  the  Worley  Branch  CMD  discharge  will  require  a  passive  treatment  system 
capable  of  generating  alkalinity  as  well  as  oxidizing  and  precipitating  high  iron  concentrations. 
Alkalinity  generating  treatment  technologies  identified  in  section  1 .4  include  ALD,  surface  flow 
anaerobic  wetland  and  anaerobic  vertical  flow  wetland  designs.  The  low  aluminum  (less  than  1 
mg/L)  and  high  ferrous/ferric  iron  ratio  (approaches  1 00%)  measured  in  the  Mine  #86  discharge 
indicates  the  ALD  technology  would  be  appropriate.  However,  acidity  levels  reported  for  the 
Mine  #86  discharge  occasionally  approach  and/or  exceed  the  alkalinity  generating  potential  of  an 
ALD.  This  indicates  the  ALD  will  have  to  be  used  in  conjunction  with  some  other  alkalinity 
generating  system  (e.g.,  anaerobic  surface  flow  and  vertical  flow  wetlands). 

The  anaerobic  surface  flow  wetland  design  would  be  capable  of  providing  alkalinity  but 
the  required  treatment  area  for  this  design  would  likely  exceed  available  area.  The  anaerobic 
vertical  flow  wetland  is  capable  of  treating  the  acidity  levels  found  in  the  Worley  Branch  Mine 
#86  discharge,  but  may  be  affected  by  the  high  iron  concentrations  which  exceed  100  mg/L; 
therefore  use  of  vertical  flow  treatment  will  require  pre-treatment  to  lower  iron  concentrations. 
The  anaerobic  conditions  provided  in  the  vertical  flow  design  will  also  be  required  to  lower  trace 
metal  concentrations;  zinc  was  found  at  concentrations  greater  than  the  detection  limits  in 
Worley  Branch  discharge.  Therefore,  the  anaerobic  vertical  flow  wetland  design  is 
recommended  as  the  alkalinity  generating  technology  to  be  used  in  conjunction  with  an  ALD  to 
treat  the  Worley  Branch  CMD  discharge. 

Pre-treatment  to  remove  iron  prior  to  the  anaerobic  vertical  flow  passive  treatment  system 
can  be  accomplished  in  an  aerobic  surface  flow  wetland  as  long  as  sufficient  oxygen  and 
alkalinity  is  present  to  oxidize  and  precipitate  the  ferrous  iron.  Therefore,  an  aerobic  surface 
flow  wetland  is  also  recommended  for  the  passive  treatment  system  as  a  pre-treatment  system 
before  the  anaerobic  vertical  flow  wetland. 

In  addition  to  the  multi-system  passive  treatment,  a  wet  mine  seal  is  recommended  for  the 
Mine  #86  discharge  because  of  the  presence  of  ferric  iron  (occasionally  reported  for  the 
discharge)  which  could  reduce  the  effectiveness  of  the  ALD.  A  wet  seal  would  allow  passage  of 
water  from  the  mine  pool  while  preventing  oxygen  from  entering  the  mine  complex  where  it  can 
oxidize  ferrous  iron  to  ferric  iron.  The  mine  seal  could  also  aid  in  stabilizing  discharge  flows 
which  appear  to  vary,  possibly  from  clogging  of  the  discharge  point  in  the  mine  opening  with 
iron  oxides. 
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11.2  Conceptual  Design 

Based  on  the  above  evaluation,  a  mine  seal  and  passive  wetland  treatment  system  appear 
suitable  to  address  the  Worley  Branch  CMD  discharge  to  the  Big  South  Fork  River.  As  indicated 
above,  the  complex  nature  of  the  discharge  will  require  use  of  several  types  of  passive  wetland 
treatment  technologies,  i.e.,  ALD,  aerobic  wetland  and  anaerobic  vertical  flow  wetland.  The 
conceptual  passive  treatment  system  for  the  Mine  #86  discharge  is  depicted  in  Figure  27. 

The  Worley  Branch  CMD  discharge  was  sampled  during  the  BSFNRRA  characterization 
study  (Phase  I  Report)  and  the  Phase  II  monitoring.  Based  on  this  data,  the  Mine  #86  discharge 
flow  rate  averaged  50  gpm  and  ranged  from  10  to  180  gpm.  The  acidity  of  the  discharge 
averaged  165  mg/L  with  a  range  of  0  to  240  mg/L.  Applying  the  Mine  #86  average  and 
maximum  flow  rate  and  assumptions  and  design  guidance  in  Hedin  et  al.  1994  an  ALD  size  was 
estimated  45,000  ft2,  which  was  configured  as  depicted  in  Figure  27.  This  ALD  would  be 
expected  to  provide  a  minimum  alkalinity  of  1 50  mg/L  over  its  greater  than  25  year  life 
expectancy. 

An  open  limestone  channel  is  located  after  the  ALD  to  provide  aeration  of  the  discharge 
prior  to  the  aerobic  wetland.  The  aerobic  wetland  was  located  following  the  open  limestone 
channel.  The  aerobic  wetland,  containing  approximately  10,000  ft2,  was  sized  based  on  an 
average  flow,  an  influent  concentration  of  100  mg/L,  an  effluent  iron  concentration  of  30  mg/L 
(limitation  of  the  vertical  flow  wetland),  and  an  iron  removal  rate  of  20  GDM  (Hedin  et  al.  1994) 
which  is  for  alkaline  waters.  The  recommended  aerobic  wetland  will  be  an  open  water  system 
with  approximately  6  feet  of  depth  for  long  term  storage  of  iron  oxide  precipitates. 

The  anaerobic  vertical  flow  wetland  is  located  after  the  aerobic  wetland  and  will  function 
for  additional  alkalinity  generation  and  removal  of  trace  metals  (e.g.,  zinc)  remaining  in  the  water 
after  the  aerobic  wetland.  The  vertical  flow  wetland  was  size  of  6,250  ft2  was  based  on  an 
average  acidity  load  14,000  GPD  remaining  after  the  ALD,  an  acidity  concentration  of 
approximately  50  mg/L,  a  flow  of  50  gpm,  and  the  acidity  removal  rate  of  25  GDM  (Dietz  and 
Stidinger  1996).  The  vertical  flow  wetland  size  also  has  a  flow  capacity  of  100  gpm  for  its 
underdrain  system,  based  on  a  permeability  of  0.001  cm/sec  for  the  organic  layer,  which  reflects 
the  volume  of  water  that  can  be  treated  for  trace  metals.  The  effluent  from  the  underdrain  should 
contain  an  alkalinity  of  at  least  100  mg/L  which  should  be  adequate  to  neutralize  any  acidity 
remaining  in  the  discharge.  The  optimal  depth  of  the  limestone  layer  in  the  vertical  flow  wetland 
was  determined  to  be  three  feet,  based  on  a  hydraulic  detention  time  of  1 6  hours. 

The  final  component  of  the  conceptual  design  is  a  stream  flow  bypass  system  which 
consists  of  a  settling/diversion  pond,  an  emergency  spillway  and  an  underground  stream  bypass 
pipe.  This  unit  will  collect  stream  flow  and  convey  it  underneath  the  treatment  system  to  prohibit 
co-mingling  of  the  stream  and  discharge  which  could  result  in  hydraulic  overloading  and  failure 
of  the  passive  treatment  units  (i.e.,  aerobic  and  anaerobic  vertical  flow  wetlands)  located  down 
gradient  of  the  stream  flow.  The  pond  and  bypass  pipe  will  be  designed  to  convey  stream  flows 
up  to  a  certain  storm  flow  (e.g.,  10  or  25  year  flow  events).  Flows  exceeding  this  amount  will  be 
conveyed  over  the  emergency  spillway  of  the  diversion  pond  and  the  spillways  of  the  aerobic  and 
anaerobic  vertical  flow  wetlands. 
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11.3  Preliminary  Construction  Costs 

Construction  costs  for  this  remediation  will  include:  mobilization  and  demobilization; 
care  of  water  during  construction;  mine  seal  installation,  clearing  and  grubbing;  grading 
associated  with  treatment  cell  construction;  piping  (e.g.,  underdrain  system);  limestone  and  an 
organic  substrate  (e.g.,  spent  mushroom  compost);  miscellaneous  materials;  installation  of 
stream  bypass  pipe;  seeding  of  exposed  soils;  and  erosion  and  sedimentation  control  measures. 
The  total  estimated  construction  costs  of  $291,750,  summarized  Table  36,  for  the  Worley  Branch 
project  are  based  engineering  estimates  from  several  recent  projects.  No  cost  estimates  are 
provided  for  required  fill  for  construction  of  the  treatment  system  and/or  disposal  of  excess 
material  since  these  quantities  are  unknown,  and  would  be  determined  during  final  design. 

11.4  Anticipated  Water  Quality 

The  innovative  passive  treatment  approach  proposed  for  Worley  Mine  #86  discharge 
utilizes  an  combination  passive  treatment  system  incorporating  an  ALD,  aerobic  wetland  and 
vertical  flow  wetland  for  iron  removal  and  alkalinity  addition.  Acidity  and  iron  were  used  as  the 
design  parameters  for  the  conceptual  system  to  obtain  a  net  alkaline  and  low  iron  effluent  (<  1 
mg/L)  at  average  flow  and  concentration  conditions.  Copper  and  zinc,  two  trace  metals  detected 
in  the  discharge  may  be  removed  in  several  of  the  units  within  the  proposed  treatment  system 
including  the  aerobic  wetland  unit  as  co-precipitates  with  iron  oxides,  and  the  anaerobic 
environment  of  the  vertical  flow  treatment  cells  in  the  presence  of  sulfide.  Based  on  the  flow 
passing  through  the  underdrains,  1 5  gpm  at  average  flow,  the  proposed  treatment  system  will 
lower  the  trace  metal  concentrations  by  a  minimum  of  50  percent. 

It  is  anticipated  that  the  effluent  from  the  proposed  treatment  system  could  comply  with 
AWQC  benchmarks  for  all  parameters.  Compliance  with  EC20  benchmarks  could  also  be 
achieved  by  the  proposed  treatment  system  for  a  number  of  parameters  including  pH,  aluminum, 
and  zinc,  but  not  for  parameters  including  copper  and  iron.  A  number  of  parameters  including 
cadmium  and  lead  can  not  be  evaluated  for  compliance  because  the  benchmarks  are  less  than 
quantifiable  concentrations. 
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Plate  14.  Slavey  Hollow  waterfall  downstream  of 
CMD  discharge  that  emanates  from  a  black  PVC  pipe. 


12.0  SLAVEY  HOLLOW 

Slavey  Hollow  is  a  tributary 
to  the  Big  South  Fork  River  located 
on  the  western  side  of  the  watershed 
in  the  northern  (downstream) 
portion  of  the  BSFNRRA  CMD 
study  area  (see  Figure  3).  Mine 
drainage  enters  Slavey  Hollow  via  a 
black  PVC  pipe  that  extends  out 
from  an  existing  coal  seam, 
probably  an  historic  portal,  located 
on  the  side  slope  of  the  watershed 
(Plate  14).  Mine  spoil  deposits 
located  on  the  slopes  of  Slavey 
Hollow  are  also  likely  contributors 
of  mine  drainage  to  Slavey  Hollow. 
The  mine  drainage  enters  the  stream, 
approximately  %  mile  upstream 
from  the  confluence  with  the  Big 
South  Fork  River,  and  flows  over  a 
1 5  foot  natural  waterfall  before 
entering  the  river.  The  Slavey 

Hollow  stream  channel  and  natural  waterfall  contain  deposits  of  bright  orange  colored  iron  oxide 
deposits,  an  indicator  of  an  alkaline  discharge.  Site  conditions  of  the  Slavey  Hollow  site  are 
depicted  in  Figure  28. 

Water  quality  data  collected  at  the  mouth  of  Slavey  Hollow,  station  number  SSPII  SH02, 
from  the  Phase  I  and  II  monitoring  program  are  summarized  in  Table  37.  Monitored  pH  varied 
from  6.5  to  7.5,  contained  high  levels  of  alkalinity  (greater  than  50  mg/L)  and  no  acidity; 
indicated  the  discharge  is  alkaline.  Reported  iron  concentrations  were  elevated  exceeding  10 
mg/L  in  all  but  one  sample.  Both  aluminum  and  manganese  concentrations  were  below  5  mg/L. 
Zinc  was  the  only  trace  metal  detected  at  the  Slavey  Hollow  monitoring  point,  but  a 
concentrations  less  than  0.060  mg/L.  A  single  copper  measurement  of  0.14  mg/L  is  likely  a 
result  of  sample  contamination  or  analytical  error  since  all  other  samples  contained  copper  less 
than  0.0029  mg/L. 

12.1  Remediation  Recommendations 

The  possible  remediation  methods  available  for  resolving  the  water  quality  impacts  on  the 
Big  South  Fork  River  associated  with  the  Slavey  Hollow  discharge  are  limited  to  treatment 
BMPs  capable  of  removing  iron  only  since  the  discharge  contains  alkalinity  and  high  pH.  Site 
remediation  would  be  limited  to  a  mine  seal  which  would  likely  have  limited  success  in  reducing 
CMD  flow.  Treatment  BMPs  capable  of  removing  high  iron  concentrations  include: 


66 


Gannett  Fleming,  Inc. 


•  Instream  settling,  and  possibly  chemical  addition,  to  Slavey  Hollow  flows; 

•  Instream  treatment  of  Slavey  Hollow  using  passive  wetland  treatment  systems; 
and 

•  Treatment  of  the  Slavey  Hollow  low  flows  using  passive  wetland  treatment 
systems  (e.g.,  aerobic  wetlands)  constructed  adjacent  to  the  Slavey  Hollow 
channel. 

Instream  active  and  passive  treatment  will  result  in  precipitation  of  metals  (primarily 
iron)  in  the  settling  pond  or  wetland  preventing  solids  from  accumulating  in  the  river  bed  of  the 
Big  South  Fork  River.  However,  instream  active  and  passive  treatment  would  be  subject  to  high 
stormflows  that  are  transported  from  upslope  areas  in  the  Slavey  Hollow  channel;  flows  in  excess 
of  10  cfs  are  likely.  These  high  stormflows  could  result  in  scouring  and  washout  of  iron  deposits 
from  the  treatment  system  into  the  river.  Therefore,  instream  treatment  is  not  recommended  for 
Slavey  Hollow.  In  addition,  operation  and  maintenance  limitations  involving  periodic  dredging 
of  settling  ponds  of  sediment  and  iron  deposits  would  prohibit  the  use  of  instream  treatment  at  a 
remote  location  such  as  the  Slavey  Hollow  location. 

Passive  wetland  treatment  has  been  found  to  provide  successful  treatment  of  CMD 
characteristic  of  the  degraded  water  quality  found  in  Slavey  Hollow  discharge.  However,  access 
and  available  area  in  close  proximity  to  the  discharge  location  is  limited  requiring  conveyance  of 
the  discharge  to  a  location  downstream  of  the  discharge  point,  such  as  the  potential  treatment 
area  identified  on  Figure  28.  Treatment  of  the  Slavey  Hollow  CMD  discharge  can  be 
accomplished  by  conveying  the  discharge  in  the  existing  channel  and  constructing  a  small 
impoundment  to  re-direct  the  discharge  to  an  aerobic  wetland  treatment  system  while  permitting 
bypass  of  elevated  flows  associated  with  a  storm  event. 

Treatment  of  the  Slavey  Hollow  Creek  CMD  discharge  will  require  a  passive  treatment 
system  capable  of  removing  iron.    The  limitations  of  each  technology  presented  in  Table  1 
indicate  that  this  can  be  accomplished  with  an  aerobic  wetland  treatment  system  which  will 
oxidize  ferrous  iron  and  precipitate  the  insoluble  iron  oxide.  The  only  trace  metal  present  in  the 
discharge  is  zinc  which  was  found  at  concentrations  (0.030  mg/L)  below  AWQC.  Some  removal 
can  be  expected  in  the  aerobic  wetland  treatment  system  as  a  co-precipitate  with  iron  oxide. 
Therefore,  the  aerobic  wetland  design  is  recommended  as  the  technology  of  choice  to  treat  the 
Slavey  Hollow  Creek  CMD  discharge. 

12.2  Conceptual  Design 

Based  on  the  above  evaluation,  only  passive  wetland  treatment  is  suitable  to  address  the 
Slavey  Hollow  CMD  discharge  to  the  Big  South  Fork  River.  The  aerobic  vertical  flow  wetland 
design  was  identified  as  the  most  appropriate  passive  wetland  treatment  for  this  discharge. 

The  conceptual  design  for  the  aerobic  wetland  is  depicted  in  Figure  29.  As  indicated  in 
this  plan  view  a  collection  channel,  approximately  200  feet  in  length,  will  convey  the  CMD 
discharge  from  a  small  impoundment  constructed  on  the  Slavey  Hollow  Creek  to  the  wetland 
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treatment  system.  The  impoundment  will  be  necessary  to  limit  the  amount  of  flow  that  will  enter 
the  channel  and  the  wetland  treatment  system,  thereby,  protecting  the  treatment  system  from 
hydraulic  overloading.  The  conveyance  channel  will  be  a  geotextile-lined  channel  similar  to  the 
lined  channel  depicted  in  Figure  6. 

The  Slavey  Hollow  creek  was  sampled  during  the  both  the  Phase  I  and  II  studies  which 
included  both  water  quality  and  flow.  Additional  sampling  may  be  necessary  to  further 
characterize  the  discharge  and  stream  characteristics  prior  to  final  design.  Based  on  the  available 
flow  and  water  quality  data  a  flow  rate  of  200  gpm  was  used  to  develop  the  conceptual  design; 
based  on  low  flow  conditions  measured  at  the  mouth  of  Slavey  Hollow.  Applying  this  flow  rate 
to  the  total  iron  concentration  of  15  mg/L  for  Slavey  Hollow  results  in  an  iron  loading  of  12,800 
GPD  which  was  used  to  determine  the  treatment  area  required  for  the  aerobic  wetland  treatment 
system.  An  iron  removal  rate  of  10  GDM  was  used  to  determine  total  treatment  area  size.  A 
single  cell,  aerobic  wetland  treatment  system  would  require  28,000  ft2  of  treatment  area  to 
achieve  adequate  iron  removal  (i.e.,  total  iron  <  1  mg/L).  It  is  recommended  the  treatment  system 
consist  of  two  cells  each  containing  14,000  ft2.  Cell  1  would  contain  an  inert  substrate  planted 
with  wetland  vegetation  (e.g.,  cattails)  and  Cell  2  would  contain  non-acidic  rock  (R-3),  such  as  a 
poor  quality  limestone  (CaC03  content  less  than  80  percent). 

12.3  Preliminary  Construction  Costs 

Construction  costs  for  this  remediation  will  include:  mobilization  and  demobilization; 
care  of  water  during  construction;  clearing  and  grubbing;  grading  associated  with  impoundment, 
channel  and  treatment  cell  construction;  limestone;  miscellaneous  materials;  seeding  of  exposed 
soils;  and  erosion  and  sedimentation  control  measures.  The  anticipated  construction  costs, 
summarized  in  Table  38  for  the  Slavey  Hollow  project  total  $149,400  and  are  based  engineering 
estimates  from  several  recent  projects.  No  cost  estimates  are  provided  for  required  fill  for 
construction  of  the  treatment  system  and/or  disposal  of  excess  material  since  these  quantities  are 
unknown,  determined  during  final  design. 

12.4  Anticipated  Water  Quality 

The  conceptual  design  for  the  Slavey  Hollow  discharge  was  designed  to  remove  iron  only 
because  of  the  alkaline  condition  in  this  discharge.  The  aerobic  treatment  system  proposed  could 
effectively  remove  iron  from  the  CMD  discharge  to  concentration  less  than  1  mg/L,  on  an 
average  basis.  The  treatment  system  may  also  lower  manganese  present  in  the  discharge  but  with 
lower  effectiveness  than  iron.  Aerobic  systems  may  also  effect  copper  and  zinc  concentrations 
by  precipitation  as  oxides  or  absorption  to  iron  precipitates. 

The  proposed  treatment  system  will  likely  produce  an  effluent  in  compliance  with  the 
AWQC  benchmarks  for  all  the  parameters.  In  addition,  the  proposed  treatment  system  could 
achieve  compliance  with  many  of  the  EC20  benchmarks  with  the  possible  exceptions  of  copper 
and  iron.  Several  of  the  parameters  including  cadmium  can  not  be  evaluated  for  compliance 
because  the  benchmarks  are  less  than  quantifiable  concentrations. 
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13.0  SUMMARY 

Conceptual  remediation  designs  and  preliminary  cost  estimates  were  developed  for  the 
prioritized  CMD  discharge  sites  in  the  BSFNRRA  study  area,  which  included  all  three  categories 
of  CMD  discharges,  i.e.,  Type  I,  Type  II  and  Type  III.  A  number  of  BMPs,  including  site 
remediation  and  passive  treatment,  were  evaluated  and  considered  for  development  of  conceptual 
remediation  designs  for  each  of  the  CMD  discharges.  Selection  was  based  on  discharge  type, 
discharge  water  quality  and  flow  rate,  site  characteristics,  and  water  quality  benchmarks  to  be 
achieved  for  the  CMD  discharge.  Table  39  summarizes  the  remediation  methods,  preliminary 
cost  estimates  and  compliance  levels  for  the  priority  CMD  discharge  sites. 

Passive  (wetland)  treatment  technologies  were  identified  and  selected  for  the  Type  I 
discrete  discharge  points  at  the  Barthell  Mine  sites,  Devils  Creek,  Nancy  Graves  Creek,  Worley 
Mine  #86  and  Slavey  Hollow,  where  site  conditions  would  permit  construction  of  an  adequately 
sized  system;  creek  discharges  were  excluded  because  of  the  high  and  variable  storm  flows  that 
would  jeopardize  stability  and  performance  of  passive  treatment  systems.  Conceptual  designs 
varied  considerably,  but  all  CMD  discharges  with  elevated  trace  metals  incorporated  the 
anaerobic  vertical  flow  wetland  technology  because  this  technology  has  demonstrated  its  ability 
to  remove  trace  metals  to  concentrations  below  AWQC  benchmarks.  Several  passive  treatment 
systems  also  incorporated  aerobic  wetland  and  ALD  technologies  which  were  included  in 
conceptual  designs  to  remove  iron  and  add  alkalinity  to  the  discharges,  necessary  to  achieve 
compliance  with  established  benchmarks. 

Stream  lined  channels  were  recommended  for  two  creek  discharges,  Laurel  Branch  Creek 
and  Three  West  Hollow,  because  site  evaluation  indicated  stream  flow  was  infiltrating  mine  spoil 
deposits  in  and  along  the  stream  channel.  The  lined  stream  channels  will  minimize  infiltration  of 
stream  flow  into  the  mine  spoil,  thereby  reducing  CMD  generation.  In  addition,  limestone 
included  in  the  stream  lined  channel  could  add  alkalinity  to  neutralize  upstream  CMD,  minimal 
at  both  sites,  and  any  downstream  CMD  inputs  associated  with  the  spoil.  Blair  Creek,  the  third 
creek  discharge,  utilizes  upstream  limestone  fines  addition  to  neutralize  CMD  inputs  that  could 
not  be  treated  using  passive  treatment  due  to  their  remote  and  inaccessible  locations.  This 
approach  will  add  alkalinity  to  the  stream  that  could  neutralize  CMD  inputs  and  permit  natural 
amelioration  processes  to  lower  pollutant  loading  to  the  Big  South  Fork  River. 

Two  CMD  discharge  sites,  Roaring  Paunch  (an  individual  site  in  the  Roaring  Paunch 
Creek  site)  and  Mine  #88,  were  in  locations  with  inadequate  area  for  treatment  and/or  site 
conditions  that  would  prohibit  construction  of  a  passive  treatment  system.  An  OLC  design,  a 
new  and  untested  technology,  was  recommended  for  the  Roaring  Paunch  site  which  should  at  a 
minimum  lower  pollutant  loading  to  the  Roaring  Paunch  Creek.  An  innovative  conceptual 
design  using  an  organic/limestone  mixture  placed  in  the  mine  entrance  was  developed  and 
recommended  for  the  Mine  #88  CMD  discharge  to  lower  acidity  and  trace  metals  in  the 
discharge.  This  recommended  approach  should  be  considered  experimental  with  an  uncertain 
performance.  The  settling  pond  and  OLC  also  included  in  this  design  will,  at  a  minimum,  lower 
pollutant  loading  to  the  Big  South  Fork  River. 

Control  at  source  BMPs  were  recommended  for  the  Blue  Heron-North,  Blue  Heron- 
South,  Blue  Heron-Pine  Plantings  (grouped  together  due  to  proximity  of  sites  and  their  likely 
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interactions)  and  Laurel  Branch  Spoil  Type  III  CMD  discharge  sites.  Recommended  conceptual 
remediation  designs  included  site  reclamation,  water  control  and  vertical  barriers  to  reduce  CMD 
flow  and  strength,  thereby  lowering  pollutant  loading  to  the  Big  South  Fork  River.  Spoil 
removal  was  considered  as  an  option,  but  was  determined  to  be  too  costly  for  the  benefits 
achieved. 
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Table  2.  Ambient  water  quality  criteria  (AWQC)  to  protect  aquatic  life  and  most 
sensitive  species  concentration  for  trace  metals  monitored  in  the  BSFNRRA. 


Parameter 

Benchmark  Concentrations  in  mg/L 

Lowest 

Reported 

Detection 

Limit 

EPA  Ambient 

Water  Quality 

Criteria 

Lowest  Observed 
Chronic  Value 
for  Daphnids1 

Sensitive 
Species3 

EC20 

Aluminum 

0.087 

1.9 

0.075 

0.024 

Arsenic 

0.190 

NA 

NA 

0.0066 

Cadmium2 

0.00045 

0.00015 

0.000013 

0.00085 

Chromium  (III)2 

0.075 

<0.044 

0.0084 

0.001 

Copper2 

0.0043 

0.006 

0.00026 

0.0025 

Iron 

1.0 

NA 

NA 

0.0043 

Lead2 

0.00070 

0.012 

0.00035 

0.0011 

Zinc2 

0.039 

0.047 

0.021 

0.0014 

pH 

6.5-9 

NA 

NA 

NA 

1  Values  reported  in  parameter  specific  Ambient  Water  Quality  Criteria  documents. 

2 1 lardness  variable  AWQC  estimated  using  a  hardness  value  of  3 1  mg/L  ( 1 0th  percentile  of  sample 

measurements  collected  at  the  USGS  station  5130104009. 
3  Oak  Ridge  National  Laboratory's  water  quality  criteria  for  near  complete  protection  of  sensitive  aquatic  species. 
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